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INTRODUCTION 

TO 

SECOND EDITION. 



A FEW words of explanation may be useful 
in presenting this small book once more to the 
attention of those interested in sanitary mat- 
ters. Its size precludes any detailed treatment 
of the broad subject indicated in the title, and 
the space is still more curtailed by the discus- 
sion of subjects not immediately connected with 
it. 

The pages on the ventilation of underground 
railways are not of any special practical inter- 
est to architects or householders, but they are 
interesting, inasmuch as they treat of a difficult 
problem that the London public has to face, 
and hence have been retained. So also with 
the ventilation of sewers ; a subject of interest to 
all sanitarians, although only remotely con- 
nected with the ventilation of buildings. 

The remarks on house-plumbing may per- 
haps be more readily reconciled with the title, 
and although they present truths made widely 
familiar within the last few years, are too im- 
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portant to be excluded on the score of consist- 
ency. 

Leaving out of mind these excrescences, which 
may be explained by the fact that the origin of 
the book was a paper prepared by Mr. Butler 
for delivery before an audience, the plan of 
treatment is, first to discuss the needs for venti- 
lation, and the amounts required ; and second, 
to give a method for ventilating private houses, 
showing how to adapt it both to old and to new 
buildings. 

The conditions for which it was written are 
English, and consequently there are some feat- 
ures of the methods advised that cannot be 
recommended for use in America, although 
suitable for an English climate. Also, some of 
the views expressed, that are quite independent 
of climate and custom, cannot be held in the 
light of modern opinion. 

The aim has been to adapt this new edition 
more thoroughly to American conditions, and 
where the second editor cannot agree with Mr. 
Butler, his views are expressed in foot-notes 
refeiTing to the text. 

In the reasoning by which Mr. Butler derives 
his data regarding the amount of ventilation 
required, he is particularly at variance with the 
latest and best conclusions, and on this topic a 
paper is reprinted at the end of the book from 
Vatj No8tband*8 Magazine, entitled "How 



Much Ventilation ? " which presents the subject 
as understood by the editor of this new edition. 

James L. Gbeenleaf. 
School of Mines, 

November, 1885. 
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I do not claim to have discovered any- 
thing new in the art of ventilation. All 
I have endeavored to do in the following 
pages is to lay down principles, which 
shall be applicable to almost every case 
where ventilation is required. 

One object of the paper is to insist 
upon the great and increasing importance 
of the subject, and, if successful in this, 
I am satisfied that it will not have been 
read in vain. 

Before proceeding further, I think it 
will be desirable to explain what I mean 
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by the term ''Ventilation." Briefly, it is 
this — a gradual, continuous and complete 
changing of the air contained in any 
structure ; a substitution, in fact, of fresh 
air for foul, but so gradual a substitution 
that the motion of the air should be im- 
perceptible. 

Of cotirse, in factories, imperceptibil- 
ity need not be so much regarded, and 
in the cases of sewers and underground 
railways, it is obvious that any method 
may be followed which promises the most 
perfect results. 

The importance of the subject under 
consideration, which can hardly be over- 
estimated, has been the constant theme 
of writers on ventilation ; thus, Dr. James 
Johnson, in a work called '^ A Diary of a 
Philosopher," says that all the deaths re- 
sulting from fevers are but as a drop in 
the ocean, when compared with the num- 
bers who perish from bad air. 

It is to the efforts of science that we 
must look for an alteration in so disas- 
trous a state of things, and men of sci- 
ence may be assured that society will ere 
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long demandy not as an eminent philoso- 
pher is reported to have said, a new faith 
— we neither look for nor expect that — 
but a longer life, increased freedom from 
disease, and greater means of enjoying 
sound health while life lasts. 

I believe we cannot doubt that much 
of the apathy manifested towards our 
subject by people generally, results from 
the abortive experiments and useless 
methods so often tried and resorted to 
for the purpose of supplying the want of 
ventilation. 

Before I leave this part of my subject, 
I will mention one other difiBculty in the 
way of ventilation, and this by no means 
a small one — I mean the cost. 

Although efficient ventilation will not 
cost a very large sum per room, it cannot / 

be denied that somewhat will be added 
to the expense of the house, and this / 
"somewhat" the speculative builder^ 
never will add, until he finds intending 
tenants and purchasers refuse to take 
houses which are not properly ventilated. 

As with houses, so with all other build- 
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ings and works ; if we make up our minds 
to ventilate them, we must also resolve to 
pay for it. 

I fear that even persons who build 
houses for their own occupation, are but 
little in advance of the speculative builder, 
as far as any recognition of the absolute 
necessity of efficient ventilation is con- 
cerned. Many hold to such crude de- 
vices as open windows and doors. Others 
think a hole of any size or in any part 
of the wall, quite sufficient, while I be- 
lieve the majority pooh-pooh the whole 
question. 

It then becomes the duty of scientific 
men, and bodies, to educate the public 
up to the recognition of the fact that 
ventilation is every whit as important as 
drainage, to individual houses, and that 
man can no more live in a foul atmos- 
phere than he can while constantly im- 
bibing poisonous water. 

All scientific men acknowledge the ne- 
cessity of ventilating dwelling-houses 
and buildings such as are herein men- 
tioned, but with the general public it is 
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nnfortunately far otherwise, and one of 
the greatest difficulties to be encountered 
in the progress toward a complete and 
perfect sanitary condition is this inertia 
of those most interested. Difficulties 
are, however, only made to be overcome, 
and it is in the hope of doing something, 
however little, towards overcoming this 
particular difficulty that I venture to tres- 
pass on the patience of the reader. 

It is usually only in times of panic, 
caused by the approach or presence of 
some fearful epidemic, that people seri- 
ously turn their attention to sanitary 
matters ; and at times like these they 
accept the wildest schemes and act upon 
the crudest notions, untD, finding mat 
ters are no better, and perhaps rather 
worse than before, and the fright be- 
ginning to wear off, they relapse into 
carelessness, and vote sanitary science 
all nonsense. I think defective educa- 
tion is responsible for a great deal of 
this. I do not intend to assert that the 
generality of people, at any rate in the 
upper and middle classes, are what is 
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commonly called ignorant; probably 
most of those who would be willing to 
turn their attention to sanitary matters, 
not being professionally engaged in them, 
have had, at least, the usual amount of 
education, as the term is commonly un- 
derstood. The three R's are familiar to 
them, as are also mathematics, Greek and 
Latin, and they can probably converse 
in one or more of the modern languages ; 
but what may be called the science of liv- 
ing, i. e., how life is sustained, and the 
reasons why sanitary matters should be 
so carefully attended to, in order that 
health and strength may be insured, are 
things of which comparatively few know 
anything at all. 

All persons readily admit, as a truism? 
that they cannot live without air, but, un- 
fortunately, they seldom get much be- 
yond the bare admission. Air is not 
treated by them as a substance requiring 
space as solids or liquids do, and means 
of passage into or out of rooms, churches, 
etc., just as much as water requires pipes 
or channels to allow it to flow into or 
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out of reservoirs. With most persons 
air seems to be an abstract idea, rather 
than a substance of vital consequence to 
the whole living creation. 

Air which has once passed through the 
lungs is unfit to be respired again, just 
as unfit as any other substance which 
has once passed through the system is 
to be used, as it were, over again. So 
that, were there no other source of con- 
tamination to the air of a building, ven- 
tilation would be rendered necessary by 
the very presence of living beings. As 
it is, however, there are so many other 
evil influences at work in most houses 
and other buildings that the necessity is 
made far more absolute. 

In this, paper I wish to impress upon 
the reader the very great importance of 
pure air to the human body, and to 
show how such air, or as pure as the 
district affords, may be insured in our 
houses. 

Ventilation is a want arising chiefly 
from modem ways and customs, and is, 
therefore, a comparatively new branch of 
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science, and we owe our present knowl- 
edge of the subject especially to modem 
researches and discoveries. 

That ventilation is a new requirement 
will, I think, be readily acknowledged, 
when we consider the every- day life of 
our forefathers who lived prior to the 
close of, say, the 17th century. We shall 
see that, in by far the larger number of 
cases, theirs was an out-of-door life. 
Their days spent mostly in the field, 
either in the sports of the chase, in war, 
or in the occupation of husbandry. 

If they were wealthy, their halls were 
large and lofty, with enormous fireplaces, 
and loosely fitting doors and windows, 
from which innumerable currents of air 
rushed to the fires. If they were poor, 
they had, amid all the dirt and wretched- 
ness which surrounded them, no want 
of air, as any one who has seen an old 
English or Welsh cottage will readily 
admit. 

The windows, too, down to nearly the 
period I have named, were, in most cases, 
filled with nothing better than shutters or 
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louvre boards, glazing being then a rarity 
at least in houses of the commoner sort, 
for though glass was known to the Phoe- 
nicians and to the later Egyptians, whose 
glass works at Sidon and Alexandria 
were famous throughout the then civil- 
ized world, and although it was employed 
by the Eomans to some extent in their 
windows, as is shown by the remains 
found in Herculaneum, window glass was 
not manufactured in England, I believe, 
prior to the middle of the 16th century, 
and must, up to that time at least, and 
probably long after, have been an article 
of luxury, while its substitutes, oiled 
paper or plates of horn, can hardly have 
been in general use, at least in the dwell- 
ings of the poorer classes in country dis- 
tricts. 

In cities and towns, doubtless, greater 
comfort, if not better sanitary arrange- 
ments, prevailed. But these were always 
the strongholds of fever, plague, and 
cholera. In towns, the "black death," so 
much dreaded in the 14th century, had its 
headquarters, and from them it extended 
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its devastating arms into all the sur- 
rounding country. I believe that to de- 
fective ventilation, not less than to bad 
drainage and insufficient water supplv^ 
may be traced these scourges of the hu- 
man race which now seem rapidly giv- 
ing up their strongholds to the invading 
forces of science. 

We cannot wonder, on looking at such 
places as the hall of Bodiam Castle, for 
instance, in which were two fireplaces, 
each about 25 feet wide and 7 feet high, 
that people found a settle, a comfortable 
article of domestic furniture, and viewed 
the chimney comer, where they crowded 
like smoked hams, as the choicest parts 
of the room. Nor must we be surprised 
when we are told that the curtains en- 
closing the couches whereon reposed the 
proudest beauties of the land, shook in 
response to every wind that blew. 

If the wretched hole which they show 
in Carnarvon Castle as the birthplace of 
Edward 11. be indeed the room in which 
that unhappy prince first saw the light, I 
can only say that whatever advantages the 
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men of a former age may have bad over 
us, certainly domestic comfort could not 
be said to be one of them.* 

The first person who seems to have 
turned his serious attention, with any 
practical result, towards the subject of 
this paper, at least in England, was, I be- 

* While the averaire conditions of domestic life are 
far in advance of those of a few centuries past, there 
are still oases of abject wretchedness of living that 
the middle ages could hardly have exceeded. The 
following extract is from the London Olobe^ in the 
year 1888. It probably could be duplicated in America: 

** We trust there are not many human residences in 
Nottinghamshire like that which has just been closed 
at Ault Hucknall by magisterial order. In this hovel 
the sanitary authorities discovered a family of six per- 
sons, llvinsr under conditions which an African 
savage would revolt against. The breathing space for 
each inmate only amounted to 100 ou. ft., the floors 
were so broken up that they could not be kept clean, 
not a single window allowed fresh air to penetrate, 
all kinds of filth were heaped about, and the atmos- 
phere was absolutely sickening. In addition, the mis- 
erable occupants were utterly destitute of beds and 
bedding, so that one of the children In a high fever 
had to get what repose It could oh a bare bench. This 
poor little creature seems to have felt the want of 
fresh air badly, as It was found on one occasion with 
its mouth to a small crevice In the outer wall, sucking 
In the external atmosphere In a truly piteous way. ' 

The writer continues to remark that they have no 
right to boast of civilization and enlightenment while 
such abominations exist. J. L. G. 
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lieve, Dr. Desaguliers, who, in 1723, was 
called in to Tentilate the House of Com- 
mons, upon which Wren had before tried 
his hand. 

The Doctor discharged his commission 
with success, but he unfortunately pro- 
voked the hostility of one very import- 
ant individual, viz., the housekeeper, "a 
certain Mrs. Smith, who eflfectually ex- 
tinguished him by not lighting the fires, 
upon the action of which his system de- 
pended, until the House had sat for 
some time, and the chamber had got 
thoroughly heated, so that we cannot 
wonder some of the members should 
have considered the design of cooling the 
House was frustrated, and requested the 
Doctor to employ other means. He ac- 
cordingly invented a centrifugal wheel, 
or blowing machine, so constructed as to 
force air either into or out of the House, 
according as either was required. This 
machine was put in charge of a man 
called the ventilator, whose duty it was 
to wait upon Mr. Speaker every day for 
orders. Dr. Desaguliers was next ap- 
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plied to by the Admiralty to ventilate 
ships, but here, as might be expected, 
he got inventors' allowance, viz., more 
kicks than half-pence. All his troubles 
with Mrs. Smith were nothing com- 
pared with the treatment he and his 
invention received from Sir Jacob Ack- 
w(n"th, the Surveyor to the Navy, who 
seems to have been the beau ideal of an 
official. When the Doctor attended, by 
appointment, on board the ship in which 
his machine was to be tried, Sir Jacob 
did not appear, but, hearing that the 
company were pleased, afterwards told 
Dr. Desaguliers that at the next experi- 
ment he (the Doctor) need not attend, as 
the carpenter could manage the ventila- 
tion. 

When the second trial came off. Sir 
Jacob had scuttle holes cut at each end 
of the ship and then hoisted enormous 
wind-sails, and when, as might naturally 
be expected, he found that more air came 
through his wind-sails, which were about 
2' 6" diameter, than through the Doctor's 
tubes, which were 6"x3'; he said he 
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could not stay longer, and that he was 
sorry the machine had answered no bet- 
ter. Sir Jacob, however, sent his " hum- 
ble duty " to Dr. Desaguliers, and thought 
his invention might be a very pretty 
thing in a house. 

The Lords of the Admiralty never 
came near nor gave themselves any 
trouble about it, and so the Doctor found 
his invention would not be used in the 
Navy. 

The next person who came forward in 
the cause of ventilation for the Navy was 
Mr. Sutton, a brewer by trade. He made 
use of the fire which cooked the pro- 
visions of the ship's company, as the mo- 
tive power, laying pipes from all parts of 
the ship to the ash-pit under the grate. 
When the ash-pit door was closed no air 
could get to the fire except through the 
pipes. 

The result was considered satisfactory, 
and the apparatus was ordered to be 
fitted-up on board the Norwich man-of- 
war. 

Mr. Sutton had also to contend with 



23 



Sir Jacob Ackworth, but he had found 
powerful friends in Dr. Mead, the King's 
Physician, and Sir Charles Wager, so 
that the old knight's opposition was 
rather passive than active. 

This, I believe, is one of the first, if 
not the fii'st, instance of the scientific use 
of the common fire as the power for ven- 
tilating any structure. This method has 
been called thermo-ventilation by Mr. 
Beman, to whose work, as well as to 
those of the inventors whose names I 
have mentioned, I am indebted for many 
of the particulars given above. 

However successful Mr. Sutton may 
have been in getting his apparatus fixed, 
he failed when he applied to the Admir- 
alty for some reward for his services; 
they simply took no notice of him or his 
petition ; although the Norwich had re- 
turned to England from the Guinea 
Coast, with the loss of only two men 
and the Captain reported her singularly 
healthy. 

Meanwhile, a certain Dr. Hales had 
been pres*"ing an invention of his own 
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npon the notice of my Lords. This he 
called a ship's lungs. The machine was, 
in fact, a magnified bellows, differing 
somewhat in construction from common 
bellows certainly, but the same as far as 
action was concerned. It consisted of a 
large square case with valves, enclosing 
a hinged midriff, which rose and fell by 
the action of a long handle or lever, 
worked by some of the ship's company. 
The whole machine was cumbersome, re- 
quiring about four men per hour to work 
it, and could not, certainly, compare with 
the bio wing- wheel of Dr. Desaguliers. It 
soon fell into disuse, and became a thing 
of the past. 

Mr. Sutton, who had at last got £100 
from the Admiralty, exulted over the 
failure of the ship lungs, but his triumph 
was short-lived, for, in the course of a 
few years, he found that he was left out 
in the cold also, and the old wind-sails 
were again on duty. 

The illustrious names of Count Rum- 
ford and Sir H. Davy, as well as those of 
a host of other persons less celebrated, 
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which figure in the annals of ventilation, 
attest the importance of the question. 

It is time, however, for me - to take 
leave of this portion of my subject, on 
which volumes might be written, and to 
consider the causes which make ventila- 
tion of buildings a necessity. 

These may be classed under different 
heads. In private houses the necessity 
for ventilation will arise from commonly, 
1st, the presence of fires; 2d, artificial 
light ; 3d, the presence of persons living 
in the house (that is from the air required 
by them, as well as the exhalations from 
their bodies), and 4th, from badly con- 
structed water-closets, cesspools, and 
drains.* 



* There is a natural hesitation to admit the latter 
as a reason for the necessity of ventilation. All 
water-closets should be ventilated in order to attain 
the best results, but certainly at the present day the 
escape of sewer-gas into buildings need not be treated 
as a necessary evil. With modern plumbing appli- 
ances there is no excuse for the least contamination 
of the air of a building through the drainage pipes, 
although it is by no means exceptional. It was prob- 
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In factories there will be, in addition 
to the above causes, the presence in the 
air of a vast quantity of minutely-divided 
fiber and dust, which is highly prejudi- 
cial to the health of the workers, and also 
the fnmes from chemicals, etc., where the 
manufacture of such is carried on. 

In sewers the necessity of sufficient 
ventilation will almost entirely arise from 
the generation of poisonous gases by the 
putrid filth carried down. And in under- 
ground railways, the fires of the engines, 
and the saturation of air by the waste 
steam, will render ventilation, in certain 
cases, necessary. 

Considering these cases in the above 
order, we have, first, in dwelling-houses, 
the presence of fires. 

At first sight it would seem an error 
to include this under the head of causes 
which make ventilation necessary, as 
fires are often, indeed mostly, the odly 



ably in view of the great preyalence of badly-oon- 
structed plumbing that Mr. Butler Inoluded this 
among the reasons for the ventilation of buildings. 

J. L. a. 
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means of. ventilation in private houses. 
But under the term I include not only 
the removal of foul air, but the supply 
of fresh, and from this point of view it 
will be seen that the common fire is a 
very great consumer of fresh air, and re- 
quires a supply of that quite as much as 
of the fuel which feeds it. 

It may be as well to mention here 
some of the well-known facts connected 
with the combustion of fuel. 

The fuels commonly used are com- 
posed, principally, of carbon and hydro- 
gen in about the following proportions : 



Name. 


Carbon. 


Hydro- 
gen. 


Ashes, 
&c. 


Water. 


Coal 

Coke 

Wood 

Charcoal — 
Peat 


.812 
.850 
.408 
.930 
.464 


.048 

• • • • 

.042 

• • • • 

.048 


.140 
.150 
.a50 
.070 

.288 


• • • • 

• • • • 

.200 

• • • • 

.200 



Now, combustion consists in the union 
of oxygen gas with the elements carbon 
and hydrogen and the result is a devel- 
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opment of light and heat, and the forma- 
tion of carbonic acid and water, the car- 
bon of the fuel uniting with the oxygen 
of the air to form carbonic acid, and the 
hydrogen doing the same to form water. 

Carbon exists in its pure and crystal- 
lized form as the diamond, and this beau- 
tiful gem is combustible in oxygen gas, 
burning entirely to carbonic acid. This 
experiment has been tried, however, only 
in the laboratory. 

One pound of carbon requires for its 
combustion 158 cubic ft. of air, while the 
same weight of hydrogen requires 473 
cubic ft. From these facts it will bo seen 
that the different fuels mentioned above 
will take for their proper combustion the 
foUowiug minimum quantities of air, 
viz. : 



Coal 148 cubic feet 

Coke 134 ** 

Wood 65 " 

Charcoal 147 " 

Peat 81 ** 



per pound. 



There is a certain quantity of oxygen 
in coal, wood, and peat, which some- 
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what reduces the amount of atmospheric 
air required by these fuels. 

From the above tables — ^for which I 
am indebted to the researches of Peclet, 
Playfair, Eegnault, and others, and which 
assume the temperature of the air to be 
26 deg. F. — it will be seen that the ordi- 
nary fire plays no unimportant part in 
the consumption of air ; for, if we as- 
sume one pound of coal per hour as the 
quantity required, then 148 cubic ft. of 
air will be consumed in that period, or 
2.46 ft. per minute, or 2,072 cubic ft. per 
day of 14 hours. 

These, as I have said, are minimum 
quaptities. In practice, at least double 
must be allowed, as a large percentage 
will escape unconsumed. 

In the case of the common fire the 
products of combustion do not certainly 
escape into the room, but the air to sup- 
ply the fire is required all the same, and 
I feel sure that not in one house in a 
hundred is this supply ever thought of, 
but is left to chance, and the cracks in 
the doors and windows from which 
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drafts whistle across the room in every 
direction. 

The second cause — artificial light — ^re- 
quires far more serious consideration 
than the lire, for, commonly, the prod- 
ucts of combustion are passed directly 
into the room, and are breathed in a di- 
luted form by the persons in it. The in- 
troduction of coal gas has been most 
pernicious in this respect, for few houses 
are built with any regard to the meth- 
od of lighting, nor are the ways in which 
the gas is generally burnt calculated for 
anything but to do the greatest amount 
of injury to the persons using it. Some 
forms of gas-light, such as the sun-burn- 
ers and the ventilating globe light, are 
comparatively free from defect in these 
respects, but I have never seen the lat- 
ter used, save in one or two private 
houses, and the former are almost entire- 
ly confined to offices and public build- 
ings. 

I have experienced some difficulty in 
obtaining the quantity of air consumed 
by the ordinary bat's-wing or fish-tail 
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burner when lighted. But taking the 
Argand burner using 6 ft. of gas per 
hour, and 45 ft. of common air in the 
same time, as a standard, and knowing 
that the common burners bum from 2 to 
6 ft. per hour, according to size and 
pressure, I think I shall be safe in calcu- 
lating the average consumption of gas by 
the common burners at 4 cubic ft. per 
hour, and the amount of air at 36 cubic 
ft. per hour. 

Now, a room 25 ft. long by 16 ft. 
broad, and 10 ft. 6 in. high, will contain 
4,200 cubic ft. of air, but a deduction 
must be made for furniture, etc., of at 
least 10 per cent., leaving 3,780 cubic ft., 
or say 3,800, as the net quantity of air in 
the room. 

Such a room will require at least three 
gas burners to light it, and these, as we 
have seen, will consume 108 cubic ft. of 
air per hour, rendering it absolutely unfit 
for breathing by depriving it of its neces- 
sary proportion of oxygen. 

Ordinary candles do not vitiate more 
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than 11 cubic ft. of air per hour, per 
candle.* 



* It Is hifrhly Important that a distinotion be made 
here, otherwise the statement in the text will be viery 
misleading. The amount of 86 cubic ft. for a 4 ft. 
burner is just sufficient to meet the requirements of 
combustion. If what is termed exclusiye lighting 
were adopted ; if the sun-burner, or some other form 
were used, so that the products of combustion were 
immediately conveyed away through tubes, a supply 
of S6 cubic ft. per hour might suffice. If the gas-lights 
are exposed in the rooms, as is the ordinary custom, 
the case is far difl'erent. The products of combustion, 
consisting of air robbed of its oxygen, carbonic acid, 
and moisture, with more or less trace of carbonic ox- 
ide and unburnt gas, will be rather more than 86 cubic 
ft. per hour, from each burner. When this volume, 
unfit for breathing, is allowed to mingle with the air 
of the room, it requires a far greater volume per hour 
of fresh air, to dilute it to a condition that can be 
considered healthy. The lowest modem estimates 
are about 2,400 cubic ft. per hour of fresh air for a 
4 ft. burner. Some r^iable sanitarians endorse a much 
higher allowance. Where candles or lamps are used 
in private houses, or, possibly, a single gas jet, it is not 
necessary to make any allowance for tbem. The ven- 
tilation otherwise required will dispose of their prod- 
ucts, but by far the better way is to arrange for imme- 
diately removing the gases through proper channels 
from the gas-lights. It must not be thought, then, 
that 86 cubic ft. of air per hour is anything like enough 
to properly dilute the products from a gas-burner. It 
is a misconception that might, perhaps, be made, and 
in another connection will be alluded to again. 

J. L. G. 
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As the chief constituents of coal gas 
are carbon and hydrogen, so the prin- 
cipal results of its combustion are. car- 
bonic acid and water. This water, in the 
form of yapor, saturates the air of the 
room, which has a greater capacity for 
moisture when warm than when cold. 
This may be readily seen if, in a close 
warm room, we examine the windows, 
where the moisture will be found con- 
densed, and, perhaps, running down the 
glass in streams. 

The same effect will be produced by 
placing a glass bottle filled with cold 
water on the table, the moisture will set- 
tle thickly upon it, like dew upon the 
grass on a clear night. The reason! 
this. The air cooled by contact with the 
cold glass is no longer able to sustain the 
moisture, and the latter is, therefore, pre- 
cipitated in the form of dew. 

The third cause I have mentioned is 
the presence of living beings in the 
room. Let us now consider the effect of 
this. 

Man's body is a furnace, a slow-com- 
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bustion furnace, if you will, but still a 
furnace, and the waste from this human 
furnace is precisely the same as that from 
any other, viz., carbonic acid and water. 
Our food, having been decomposed in the 
body, is brought into a state proper for 
sustaining life and animal heat in us 
when, as venous blood, it is submitted to 
the purifying action of oxygen brought 
into the body by the lungs. To quote 
the words of Professor Tyndall : '' In the 
animal body the carbon and hydrogen of 
the vegetable are again brought into con- 
tact with the oxygen from which they had 
been divorced, and which is now supplied 
by the lungs. Re union takes place, and 
animal heat is the result. Save as regards 
intensity, there is no difference between 
the combustion that goes on within us, 
and that of an ordinary fire." We see, 
then, of what vital consequence is the 
presence of oxygen in the atmosphere. 
Without it, fires and lights will not burn? 
our food will not digest, and the blood 
remains unpurified, as is shown by the 
pale faces and purple lips of people living 
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in close warm rooms. These are the fore- 
runners of certain death to persons de- 
prived of the life-sustaining oxygen. 

The other gases of the atmosphere 
have no power of the kind. It will be 
obvious, upon consideration, that if a 
portion of the oxygen in the air we have 
breathed has united with elements com- 
posing our food, that portion is removed 
from the atmosphere, and must be re- 
placed if breathing is to be continued. 

It must not be imagined that we re- 
move all the oxygen from the air we 
breathe ; on the contrary, the removal of 
a small percentage renders air incapable 
of supporting life, and a still less diminu- 
tion causes the difference between fresh 
air and vitiated.* 

I will here explain, for the benefit of 

* The opinion of the present day casts a doubt upon 
the diminution of the oxygen beinf? the cause of the 
difference between fresh air and that vitiated by 
breathing, or, at least, upon its being the sole cause. 
Hygienists are now inclined to attribute the bad 
effects of air vitiated by breathing more to the or> 
ganic vapors, etc., given off from the body than to the 
exceeding small diminution in the percentage of oxy 
gen. J. L. QL 
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persons who may be wholly unacquainted 
with chemistry, what is meant by the 
term " element.'* The ancients held that 
there were four elements, or simple 
bodies, viz., earth, air, fire, and water, 
but the progress of chemical knowledge 
soon revealed the fact that these were 
not elementary bodies at all, three of 
them being compound, while the fourth, 
fire, may be more properly described as 
a condition of matter. An element is a 
body which cannot, as far as we know, be 
divided or decomposed. It is unalterable 
and indestructible, and is, therefore, called 
a simple body or element. 

Elements, however, combine with one 
another, and lose their individuality, so 
to speak, in the compound. Thus two 
simple bodies, gases, hydrogen and 
oxygen, unite in certain definite pro- 
portions and form water ; but the water 
can be again decomposed into its con- 
stituents. 

Air, strictly speaking, is not a chemical 
compound, it is a mixture of gases which 
preserve their individuality as sand and 
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sugar would do if they were mixed in a 
vessel. 

Atmospheric air consists of a mixture 
of several gases, for though it is com- 
monly said to be formed of oxygen and 
nitrogen in proportion of 21 volumes of 
the former: to 79 of the latter, in each 
100, yet several other gases are mixed 
with these. The composition of air varies 
with its situation. Thus, inland air is 
not of precisely the same composition as 
that near the sea coast, where there is 
said to be a greater proportion of ozone. 
On rocky mountains there is more car- 
bonic acid than is found in the valleys. 

I have said a good deal about the effect 
which the act of breathing has upon the 
atmosphere, because I want to make very 
clear the fact that the same air should 
not be respired more than once, and that 
it cannot be so, even in part, without 
danger to health. The other results of 
respiration, viz., carbonic acid and water, 
have been mentioned before. They con-* 
tribute to foul the au". 

I think we may, without eerious error 



38 



divide noxious gases into two classes, 
placing those which are negatively poison- 
ous in one class, and those which are 
positively, or actively, so in the other. 
To the former belong — as types— car- 
bonic acid and nitrogen, both of which, 
though not in themselves injurious, are 
incapable of supporting life ; so that an 
atmosphere composed wholly of these 
gases, or containing them in undue pro- 
portion, is fatal, from its negative quali- 
ties, to living beings. Carbonic acid gas, 
as before explained, is one of the products 
of combustion and respiration, while ni- 
trogen forms 79 per cent, of the volume 
of the atmosphere. Its negative qualities 
are there, however, counterbalanced by 
the presence of oxygen. 

With gases of the second class the case 
is very different. Some of them — such, 
for instance, as sulphuretted hydrogen 
and carbonic oxide — are fearfully active 
poisons. The former exists in putrid 
eggs, and some other animal and vegeta- 
ble matters ; also in certain waters, called 
hepathic, such as those of Harrowgate. 
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It is usually formed in the putrefaction of 
vegetable and animal matters ; hence it is 
found in sewers, and especially in cess- 
pools and similar places where accumula- 
tions of this filth take place. During the 
emptying of such receptacles, workmen 
sometimes suflfer from asphyxia, or, as 
the French call it, " la plombr (probably 
from the oppression on the chest which 
accompanies it). Parent Duchatelet states 
that the symptoms of poisoning by sul- 
phuretted hydrogen are very alarming, 
for " the individual is either seized sud- 
denly, and dies instantly, or, if the quan- 
tity of deleterious gas is too little to 
bring instant death, the asphyxiated per- 
son, suddenly losing consciousness, is 
taken with convulsive movements or 
other very grave nervous disturbances, 
and it is only after several days that 
he recovers perfect health.'' The pres- 
ence of sulphuretted hydrogen is read- 
ily detected by its odor, which resem- 
bles that of rotten eggs; but it is 
soothing in its nature if inhaled, which 
renders it especially dangerous when 
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escaping into rooms where persons are 
sleeping. 

It will be seen, then, of what extreme 
importance is the prevention of the pass- 
age of sewer gases into our houses, and I 
have entered somewhat fully into the 
properties of these foul gases, because I 
wish to show clearly that they are not 
things to be trifled with.* 

Carbonic oxide is, like carbonic acid, a 
product of the combustion of carbon, or 



* Mr. Butler appears to overloDk entirely the great 
source of danger in what is termed sewer gas. At the 
time he wrote, the germ theory of disease had not 
been so far developed as now, and, to a grea t extent, 
the various gases from the sewers were looked upon 
as the causes of the diseases that appeared connected 
witb them. Now, the relation between certain diseases 
and their specific germs is too well established to 
leave room for doubt. 

It is the probability of sewer air containing these 
germs that makes it so highly dangerous, rather than 
the gases that are in it. At the same time, these gases 
aro by no means healthy to breathe. It is undoubt- 
edly true that if at all concentrated they will cause 
depression, and lowering of the health. In well-ven- 
tilated sewers they are much diluted, and may be even 
harmless in their effects, but *that is no reason for not 
excluding sewer gas. The prime reason for rigidly ban- 
ishing it is, that it may hold the seeds of such virulent 
fevers as.typhoid and the like. J. L. Q, 
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the union of carbon with oxygen, but the 
proportion of oxygen is less in the former 
than in the latter compound. Carbonic 
oxide, though a dangerous gas, need not 
be considered at length here, as it does 
not, I believe, exist in sewers, and is very 
seldom found in houses.* It cannot, like 
sulphuretted hydrogen, be detected by 
its smell, as it is inodorous as well as 
colorless and tasteless. Carbonic oxide 
burns with a blue flame, which probably 
most people have noticed at some time 
or other, either playing over burning 
charcoal or dancing upon an ignited hme 
kiln. 

The quantity of air required by a man 
varies with the state of his body. Thus a 
man at hard work or violent exercise may 
require even Ave times as much air as the 
same man when asleep. 



* In America, where hot-air furnaces are much 
more used than in England, and cheap ones at that, 
carbonic oxide is not unknown in houses. It is one 
cause of the dislike to furnace heating. It is very in- 
jurious, even in small quantities, and should never be 
allowed to escape. The proper remedy Is good stoves 
and furnaces, with good drafts. J. L. G. 
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This amount of air has been variously 
estimated, but I think we may safely take 
the following calculation by Box to be 
correct. He states that an ordinary man 
takes 20 respirations per minute, of the 
capacity of 40 cubic in. each, thus vitiating 
28 cubic ft. per hour. Added to this, 
there is the quantity of air saturated by 
the moisture evolved to be considered. 
According to Dumas, this quantity in the 
form of vapor equals .0836 of a pound of 
water per hour, which is sufficient to half 
saturate, for air should not be more than 
half saturated to be pleasant — 187 cubic 
ft. of air at 62 deg. Fahr. 

We thus see that to be in good health 
a man must have 215 cubic ft. of air per 
hour for his own use. Sick persons re- 
quire very much more than this.* 

There is one more source of contami- 
nation of the air of our houses, which 
often forces itself unpleasantly upon our 
notice. I mean the foul gases which 
escape from drains and water-closets. It 
is not too much to say that if architect 

♦ See next note. 
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and builder always did their duty, no foul 
air from any drain or closet ought ever 
to enter a house, and that the negligence 
of one, and the ignorance, or worse, of 
the other, must be charged with a greater 
destruction of human life and with caus- 
ing more disease every year than has 
been produced by the bloodiest battle 
recorded in history. 

If is impossible to estimate correctly 
the air contaminated from this source, but 
I hope to show how such contamination 
mav be avoided. 

ft/ 

As a summary of results we see, that 
in a room of the net cubic capacity of 
3,800 ft., having a fire burning, inhabited 
by, say, six persons, and lighted by three 
gas-lights, there will be required every 
hour, so that the inmates may be healthy, 
1,694, or say 1,700 cubic ft. of fresh air 
at 60 deg. F. 

But air expands -^^-^, or 0.00204, of its 
volume for every degree F. it is heated ; 
it is obvious from this that, assuming the 
temperature of the outer air to be 32 deg. 
F., we shall not require to admit so much 
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cold air into the room by about 100 cubic 
ft., but exit must be provided for the full 
quantity.* 



* The editor of this second edition of Mr. Butler's 
book must here be allowed to differ from him radi- 
cally. He cannot feel that the reasoninfp which leads 
up in this case to a supply of 1,700 cubic ft. of fresh 
air per hour is founded upon correct premises. What 
are the conditions? A room with six people fitting in 
it, and exhaling their breath to mingle with the air of 
the room. Three gas-lights also throwing their prod- 
ucts of combustion into the surrounding air, and an 
open fire that requires for practical combustion 296 
cubic ft. of air per hour. What were the conditions 
assumed in arriving at the supply of 1,700 cubic ft per 
hour? In the first place, the supply of 106 cubic ft. 
por hour for the gas jets can only be sufficient on the 
supposition that the products are immediately carried 
off, as has been already explained. In a similar man- 
ner, Mr. Box's estimate of iil6 cubic ft. of air per hour 
for each person is based on the actual amount of air 
that goes into the lungs In an hour, and takes no ac- 
count whatever of the fact that the returning vitiated 
breath must be disposed of. If people could be in- 
duced to take in a supply of air, and then go to a 
hole in the outer wall and breathe it out, or, if they 
could be arranged somewhat on the plan of ventilating 
gas-lights, this supply might be sufficient. It is true that 
Mr. Box makes an allowance for the diffusion of 
moisture from the breath, but it is a mere bubble in 
the volume that is needed. The fact is, that the supply 
decided upon as sufficient is based upon conditions 
not met with in any room. If it were possible that 
the inm&tes could " be done for," as it has been ex- 
pressed, as definitely as the gas-lights can be managed. 
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I am aware that any proposal to admit 
cold air into a room will meet with oppo- 
sition, and were houses built upon prin- 

then the conditions of this theory and of practice 
would harmonize. As it is, they evidently do not. 
Practical conditons require enoufrh supply of fresh air 
not only to fill the lungs, but also to dilute the breath 
to an extent compatible with health. This, for really 
healthy breathin^r, should be taken at not less than 
1,800 cucic ft. per hour per person for average circum- 
stances, an amount far below what most sanitarians 
now recommend. 

The thought may occur, why don't the people suffo- 
cate, then, in such a room as mentioned ? They prob- 
ably would, or reach a point very close to it, if the 
assumed conditions were rigidly existing ; if the fire 
took all its allowance of 296 cubic ft of fresh air, if 
the gas-burners were all lighted, the six inmates in full 
operation, and if the supply of air was absolutely re- 
stricted to 1,700 cubic ft. per hour. 

In any ordinary case, the open fire, as was pointed 
out by Mr. Butler, draws its supply from the air of the 
room, and thus aids to ventilate it ; but, particularly^ 
the people are saved from suffocation by the insensi- 
ble ventilation that takes place through the walls, and 
in every way besides the recognized channels. 

If this be the case, and if rooms that are theoreti- 
cally un ventilated, without inlets and outlets, may not 
be suffocating, or even unhealthy, because of this in- 
sensible ventilation, in spite of the large air allowance 
specified by modem sanitary science, it may be asked, 
is it not excess of refinement to calculate an air supply 
upon the number of people present? The answer 
seems to be, that where rooms are to contain a large 
number of people, in proportion to their size, such a 
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ciples worthy of our civilization it might 
easily be avoided. I think, however, 
that, with proper means, the possible evil 
may be so reduced as to be practically 
tin felt. I am also now treating of exist- 
ing houses which could not well be re- 
built or altered. 

I would propose that, in such houses 
where the want of ventilation is felt, the 
openings for admission of fresh air should 
be made as near the floor of each room 
as possible. For it will be seen that the 
cold air will, on entering, be heavier than 
thit in the room, which it will gradually 
force upwards and out through the foul 
air exit channels. 



basis of estimate is strictly necessary, but in the case 
of a private room, never to contain more than two or 
three people, it is superfluous. Not that means of 
ventilation should be omitted, but for rooms never 
crowded insensible ventilation can be largely relied 
upon. For example, in the room we are supposing, 
with an open fire, have ample arranj^ements for ad- 
mitting the fresh air, and the fire will quite well ven- 
tilate it, especially if the gas-lights are ventilated 
separately. And for all practical purposes that room 
will be just as well ventilated whether the calcula- 
tions have been made for three, or for five people. 

J. L. G. 
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Many people will probably say, " Oh, 
what a draft there would be to one's legs 
and feet." Doubtless, if a good-sized 
hole be cut through the wall, say directly 
opposite the fireplace, and you shut the 
door and stand between the opening and 
the fire, very likely you would feel rather 
cool about the inferior extremities. But 
I do not propose a thing of this kind. 

The fire must have its own separate 
supply, which should be given by means 
of a pipe leading through the hearth- 
stone, as is sometimes done now, with 
the opening facing the fire, which latter, 
as it constantly acts the part of a pump, 
will take care to get its own allowance 
from the nearest source. 

I would propose for existing rooms 
that the inlets should be made in the 
side walls, near the floor, and in as many 
different sides of the room as its situation 
will allow. That these be made larger 
towards the room, and that they should 
be enclosed by metal gratings, made or- 
namental on the outer and inner faces. 
Fig. 3. will show generally what I mean. 
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There is one point to which I would 
call your particular attention, and this is 
the fine wire gauze screen shown jast be- 
hind the ornamental front. This serves 
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a very useful purpose, for it screens and 
breaks up the entering current of air, 
preventing all drafts, and, if the open- 
ings have sufficient area, allowing the in- 
coming air to mingle so gently with that 
now in the room, that its presence is not 
felt, save in a pleasant way. 
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I attach great importance to this screen, 
and to the size of the openings. 

We mast now proceed to consider the 
best position for the exit. 

I think a little consideration will show 



Floor LinM/ 




Fio. 2.— Elxyation. A is the Gbatin3. 

US that the heated chimney a£fords the 
best possible means under the circum- 
stances. By causing the foul air to 
escape into the chimney we increase the 
ventilating power very considerably. We 
have no longer to deal with the small dif- 
ference before mentioned, but may calcu- 
late upon the whole height of the chim- 
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ney, above the opening, through which 
the foul air enters it, and have the differ- 
ence between this column of air highly 
heated as it is, and that of another of 
the density of the outer air as the force 
at our disposal. 

Care must be exercised in the choice 
of a valve to close this opening against 
down draft. The best which has come 
under my notice is formed of a series of 
leaves or flaps of mica enclosed in a metal 
case. The flaps are very light, and, be- 
ing hung from the top, are absolutely 
secure against return currents. The 
front may be made as ornamental as can 
be desired. 

The heated and spent air from the gas- 
light should be conveyed away immedi- 
ately when possible. 

The ornamental flower which is com- 
monly placed in the center of the room 
may be pierced through. The opening 
thus formed being boxed in between the 
joists with thin sheet metal connected 
with a tube for conveying the waste gases 
into the chimney or outer air. 
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The register of the fire grate will form 
a regulator, by closing or opening which 
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the draft through the escape valve may 
be increased or diminished. 




J 



Exercise of proper skill and judgment 
in the form and placing of the inlets, and 
in the construction of the exit, will in- 
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sure comfortable ventilation in rooms 
built with no special provision for it. 

The tube which supplies the fire should 

have a vaJve to close it, so that when nee- 

J ^ essary the whole pumping power of the 

fire may be applied to sucking in fresh 

air through the room. 

I will now briefly state how a house 
might be built so as to be efficiently ven> 
tilated on the principle of thermo-ven- 
tilation. 

It will be sufficient to take one room 
as a type of the rest, and I will assume 
that it is desirable to keep up the old- 
fashioned open fireplace, wasteful as it is. 

The fresh air may be brought directly 

through the outer walls, as in Fig. 6, or 

may be first slightly heated by passing 

through a hot- water coil, or other appar- 

> atus. 

If the former course be followed, air 
bricks must be inserted in the outer face 
of the walls communicating with a chan- 
nel running round a portion or the whole 
of the room. 

If warmed air is desired it must be 
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brought into the channel through tubes 
in the wall. 

The inner channel should be formed by 
a cast-iron box, with an ornamental open- 
wort front, and without a back. The 
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front, which may be of brass, should be 
fastened so as to be readily removable. 
The fine wire-gauze screen being fixed as 
shown in Fig. 5. 

The exit for foul air should be through 
open work in the ceiling, as shown in 
Figs. 4 and 5. This openwork might 
either be done in plaster similar to the 
center ornament, or fine brass wire gauze 
might be inserted in the cornice. The 
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foul air would pass through this into the 
spaces between the joists, when the 
sound boarding and pugging will pre- 
vent its ascending into the upper rooms. 
From these spaces it would pass into a 
cast iron channel running round the 
room, which would communicate with 
the chimney or air flue, or in some cases 
directly with the outer air. The open- 
ings into the chimney or air flue must 
be fitted with valves, as before. 

I believe it would be easy to construct 
a chimney having all the advantages of a 
chimney and air-flue combined.* 

A tube should be inserted in the brick 
trimmer giving immediate communication 
with the fire above, which, when lighted, 
would aid the ventilation of the lower 
room. 

All large houses should have a special 

* There are not many who share this opinion. The 
conditions of flow of gases are too delicate to allow 
the union of smoke and air currents, and insure the 
positive action of such an arransement. There is al« 
ways dangrer of interference with the flow, or even of 
reversal of it, accompanied by sooty odor and smoke. 

J. L. G. 



56 





OD 








SZ5 








t-t 








Jz; 








H 








A^ 






• 


O 










0) 




a> 


H 


t^ 


• 


a 


tX3 


ta 


+J 


q 


H 




a> 


a 


P>4 


o 


s 

•rH 


•g 


O 


OD 

4^ 






h4 


^ 


03 


03 


>• 


B 


^, 


^ 


M 

Eh 




OQ 

1 


OD 


-< 
55 


» 


ci 


1 

Q 


d 


w 


o 


P 


P< 








CO 








■ 








>H 








fe 










67 



yentilating shaft, communicating by 
means of pipes and valves with every 
room in the house. If thermo-ventilation 
alone is intended, a fire must be kept 
burning at the base of the chimney, the 
only supply of air to which must come 
through the tubes. 

Some day, perhaps, we may have venti- 
lating shafts for every street or block of 
houses. We provide for the carrying 
away of foul water, why not of foul air I 
The one is just as harmful as the other. 
Peiiiaps, too, though this belongs rather 
to warming than ventilation, we may some 
day see but one fire to each house, and 
even one chimney. Nay, I will go fur- 
ther, perhaps one chimney to a great 
number of houses, perhaps, even, one to 
a town ! This may seem a speculative 
flight ; but had coals been very dear in- 
stead of cheap, I feel sure our present 
wasteful system would not have lasted 
long.* 

* In the last ten or twelve pages are contained Mr. 
Butler's remarks on the practical application of venti- 
lation to dwellings ; the engineering of the subject. 
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Before quitting the Subject of house 
yentilation, I will notice one fruitful 
source of annoyance, which is often 

The blue crayon has been run under many sentences, 
with the purpose of first learning? all he tells us, and 
then discussing them. 

A hasty glance will show that he treats first old 
houses requiring remodeling, and second, those to be 
erected. The plan is essentially the same for both ; 
but because old bones are not elastic, and plaster 
many years hardened cannot be readily disturbed, 
some features are omitted for the first that the latter 
contains. 

The essential features are the use of the open fire 
for warming, with a special air supply for the fire iat 
the hearth, quite independent of that for the 
room at large. The admission, as a rule, of 
the outside air directly into the room near the floor, 
the exit of foul air at the ceiling, the use of the waste 
heat of the firt* to aspirate the air from the room, 
finally, and especially, the spreading the means of 
inlet and outlet for the air all around the room. By 
the special supply the fire is to be fed, if desired, en- 
tirely independently of the room, chiefly for the pur- 
pose of preventing drafts. By haying the inlets at the 
floor and the outlets at the ceiling the cool fresh air is 
supposed to be continually filling the room upward as 
the foul air is pushed out. By having the inlets very 
much expanded, and covered with fine gauze, it is ex- 
pected to prevent cold drafts. 

The system can be extended to all the rooms of a 
house, as well as to one, and Mr. Butler states that 
for a large house the foul air should be all carried into 
a central heated ventilating shaft. 

The design is in many respects admirable. In one 
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closely coDDected with defective ven- 
tilation, I mean smokey chimneys. 
Want of air causes, perhaps, more chim- 



particular, a house ventilated on this principle woald 
be far in advance of the usual dwelling ; it would have 
a definite plan of ventilation. The principle is a sound 
one, of utilizing the waste beat of the fire to remove 
the air. Such a method for the great bulk of homes is 
the only plan consistent with reasonable cost, and, 
therefore, the only practical method for them. The 
distribution of inlets and outlets about the room, so 
that the air is thoroughly mingled, cannot be over- 
done, so far as effective ventilation is concerned ; in 
fact, a continuous, imperceptible change, through 
every cubic inch of space, would be the ideal ventila- 
tion, but a very practical limit to this is found in the 
omnipresent word— expense. The extent of distribu- 
tion indicated in the sketches is well worth attaining 
in houses where it can be afforded, and is an admin^ble 
feature. I believe, however, it is not indispensable 
to good ventilation. The requirement that the central 
gas-lights be ventilated separately cannot be too much 
insisted upon for all new houses. Anyone who has 
given thought to the matter has had enough personal 
experience with lighted rooms to compel his approval 
of this. The close, hot air of a gas-Illumined family 
room has left its memory on many a person^s mind, 
not to mention his lungs. 

Although the plan has such good features, there are 
many points in it which cannot be commended for 
adoption in the United States. Even if Mr. Butler's 
reputation had not made it unnecessary to inquire 
his nationality, it would be easy to guess that an 
Englishman had devised the system. The very gen- 
eral reliance on open fires for warmth, and the ad 
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ners to smoke Uum anytfaing else, and 
before anjcme sets to work to alter the 
chimnej in any respect^ it is better to see 

waa^km <rf ootside air directly into tlie rooms are 
cbaracteiirtic of Sadlsli, or, partialis, more correctly, 
of Kiydieh and French metliods. Hm conditions of 
climate are so dttt&ent there ftom what they are in 
the middle and northern states, that mnch less 
powof ol means of warming are necessary, and hence 
the direct admission of cold air, while it may be satis- 
factory there, woold not be tolerated, except In Tery 
small amounts, in this ooontoy. It is donbtfnl if it 
wonld always be comfortable, even in the tepid cli- 
mate of the British Isles, ani it will be noticed that 
Mr. Bntler introduces a clause reLfttiye to first wanning 
the entering air, if desired. 

His deslim m-gbt be adopted for houses in our 
southern states, or for houses to be occupied durinj; 
the summer and autumn, but outside of thefie excep- 
tional cases, it must be modified for American dwell- 
ings so as to provide for warminir the entering fresh 
air. This modification involves another point of dif- 
ference, namely, in the use of open fires. While the 
Englishman may possibly make his winter in the 
country very comfortable, with the aid of a blazing 
log, there is no doubt about it that in America open 
fires alone are not enough to make a house endurable. 
If open fires are used, and it is hardly necessary to 
commend them, they must take, with us, a subordi- 
nate place in winter. The air must be warmed suffi- 
ciently, say to 50 deg. or 60 deg. F , to remove the 
chill, and the open fire used as an adjunct. 

While thus far the methods advised have been 
favorably criticised, there are some views advanced 
which cannot be so treated. The fact that Mr. Butler 
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whether it is not more air that is wanted. 
This may be easily done by trying the fire 
with a door or window open, and with 

states he " will assume that it is desirable to keep up 
the old-fashioned fire>plaoe, wasteful as it is," does not 
make it so, and, in fact, it cannot be desirable for 
larf^e houses, in England or elsewhere, on the score of 
economy alone. There Is old English precedent for 
blazing fires in every room, and I believe many public 
buildings there, such as dormitories and the like, are 
still warmed in that way, hut it is exceedingly waste- 
ful of fuel, and the warming could be better and more 
systematically done from one central source for the 
building. What is true for such buildings, is true iu a 
less degree, for dwellings. The separate warming of 
the rooms by independent fires, unless, possibly, the 
close stove is used, cannot commend itself to the 
economical householder, even on the other side of the 
Atlantic, where open fires alone may be a sufficient 
source of warming. The writer will venture the 
opinion that even for the country seats and homes of 
England the open fire should play a part in winter 
secondary to some other means of warming . 

Again, it is difficult to see any advantage in having 
a separate air supply for the fire, unless it be to avoid 
the cold drafts that would otherwise occur from 
the powerful action of the fire in causing currents 
through the fresh-air inlets in the outer walls. Such 
appears to have been Mr. Butler*sidea. Now, an open 
fire-place will carry off anywhere from 8,000 to 50,000 
cubic ft. of air per hour from the source of supply, as 
experiments have shown. The 800 cubic ft. of air per 
hour allowed for combustion, even if it all came 
through the air-supply pipes illustrated, would be a 
mere bagatelle to what the fire would demand to fill 
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the same shut. If, in the latter case, the 
fire smokes, while in the former it does 
not, then want of air is the cause. Care 

tbe chimney, and unless the pipes were mnch larirer 
than that small amount requires, the draft upon the 
fresh- air inlets of the room would go on as violently 
as if these pipefi did not exist. 

Is it not much better to make use of the fire-place 
Itself as a ventilating outlet, accessory, if you please, 
to the outlets at the ceiling ? If that be tbe case, and 
we must look then to a proper arrangement of the in- 
coming air to prevent cold drafts, what can be the use 
of air-tubes to feed the fire ? The direct admission of 
outside air to the room in any quantity would make it 
difBcult to get sufQcient warmth, because the fire is 
such a powerful source of ventilation, but if the en- 
tering air Is first warmed slightly, the difBculty is re- 
moved. In view of the above facts, the idea of a valve 
on the air pipes so as to regulate the flow through 
them, and thus the effect on the ventilation of the 
room, seems a refinement that would have very small 
effect. This much may be said in its favor : if the air 
pipes to the fire are large it will be possible to regu- 
late the draft on the room, so that in case only one or 
two people are in it, and little ventilation is needed, 
there will be little demand upon the warm-air supply. 
But, if there is no warm-air supply, how often would 
the valves be operated, except to '* keep out the cold,*' 
which would mean to open them, and thus tend to di- 
minish the ventilation ? • 

The use of the smoke fine as a ventilating flue, by 
having an opeiling in it near the ceiling is not to be 
advised. Possibly, for an old building, where the ven- 
tilation is very poor. It may be justified, but it would 
be better to rely upon the fireplace itself for an outlet. 
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must, however, be taken, as to what win- 
dow is open, as gusts of wind or a cross 
draft will often cause the fire to smoke. 



The openini? may be protected, to be sure, by a flap 
valve that theoretically is perfect, but the testimony 
is against such contrivances. A smoke flue should 
not be used as a ventilation flue where there is any 
danger of back currents of smoke and sparks. ^ 
partition run a few feet up the flue would much di- 
minish the chance of reversed currents. 

The best method to utilize the heat of the fire is to 
build a vent flue adjoining or surrounding the smoke 
flue, but entirely separate. 

If a channel for foul air is built along the sides of 
the room it would be better to divide it in two sec- 
tions, one on each of the long sides for example, and 
have a separate duct from each, rather than have a 
single duct leading from a box gping all around the 
room. The two ducts should be connected with the 
same shaft, and this should be heated in some way to 
insure action. Direct connections of the box with the 
outer air without any vertical flue is about as liable 
to cause inward currents as outward. 

It will occur to some that when the wind blows 
strong, a room with inlets arranged as shown in Fitrs. 
3 and 6 will have a breeze blowing across the floor, in 
at one wall and out at the oth^r. No one who has 
experienced the difficulty of making a poorly-placed 
furnace work will doubt this. It can be obviated to 
some extent by damperF, but the reversion of flow is 
a difficulty always connected with direct admission of 
air. The wind may cause cold drafts, even with such 
well-guarded inlets as those devised by Mr. Butler. 
They could be avoided by using a deflecting board 
that would turn the air toward the ceiling. There are 
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For churches, schools and factories, 
thermo-ventilation paay be used, but 
probably the fan, or blowing wheel, will, 
in many cases, be more efficient and eco- 
nomical. 

I believe it is in use in some buildings 
in London with very satisfactory results. 

Its useful effects will vary with the size 
of the wheel and the speed at which it 
is driven, and in designing a fan it should 
be borne in mind that a large fan and low 
speed is generally better than a small one 
and high speed, chiefly on account of the 

many such contrivances for placing in windows. Ad- 
mitting that the fire-place shall be the chief outlet, 
some way of turning the cool, fresh air upward is de- 
cidedly preferable. If the entering air is warmed I 
think it better to admit it well distributed, and not 
through one miserable little 8"xl0" register, near the 
floor rather than at the ceiling. 

An arrangement which, for small rooms, may allow 
the use of the open fire without another source of 
warming, is the ventilating fire-place. Such fire-places 
effect a considerable saving in fuel, and they also 
send a volume of warm fresh air into the room 
—probably, under average circumstances, about 10,000 
cubic ft. per hour. If people were more alive to the 
importance of fresh air, these fire-places would find 
more extensive use in houses. The mistake must not 
be made, however, of expecting them to act as effi- 
cient ventilators of large rooms. J. L Q. 
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vibration caused by gearing running at 
great velocities. The motive power may 
be either steam, water, or a weight which 
can be wound up as occasion may re- 
quire. 

There is an objection to thermo-venti- 
lation, which does not apply to the fan, 
viz., that as it usually depends for action 
upon the difference in temperature be- 
tween the inner and outer air, so in sum- 
mer it may come to a stop, or even be 
reversed. This objection is not of much 
weight, as people are far oftener out in 
the summer, and at night, when gas or 
candles are lighted, ventilation would 
commence again.* 

A special heated shaft would preserve 

* This is an arfrnment that may with reluctance be 
admitted for dwelling-houses, because it is neceesary 
sometimes to compromise the ventilation a little to 
meet the reasonable expense, but for public buildings, 
especially those for audiences, it is not allowable. 
There are seasons when it is too warm to have fires, 
and yet too cold for open windows, or the windows, 
even if open, are inadequate for ventUation. A de- 
pendence upon circulation due to difference of tem- 
perature between the inside and outside air solely may 
possibly be allowed for some private houses, but for 
public rooms, never. Ji li Q. 






J 



\. ^ 



66 



the action constant all the year round, 
though most active in winter. 

The fan is probably the leading instru- 
ment in mechanical ventilation. 

Box states that a fan 5 ft. in diameter, 
running at a speed of 50 revolutions per 
minute, will discharge 2,250 cubic ft. of 
air in that time, while a fan of 10 ft. di- 
ameter, at 25 revolutions per minute, 
will discharge 9,0.00 cubic ft. 

It is impossible here to even refer to 
many noxious manufactures, chemical 
and otherwise. But of this we may be 
sure, that if they are prevented by law 
from polluting the atmosphere, the sci- 
ence of chemistry is quite equal to find- 
ing a remedy, and even to converting the 
noxious fumes into useful products. 

The third case I mentioned above was 
that of sewers. It may be considered 
established that the exhalations from 
fresh sewage are not injiurious, but it is 
equally sure that those from putrid sew- 
age are highly poisonous. Of all of 
them, sulphuretted hydrogen may^ be 
fairly jconsidered the most deadly. This 
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gas is slightly heavier than air, hence it 
is more diffictdt to remove than the light- 
er gases.* 

According to Thenard, a proportion of 
y^^ of sulphuretted hydrogen in the air 
will kill a bird, j-^ig-g- a dog, and ^^^ a 
horse. 

Some of the gases generated in sewers 
are explosive when mixed with the atmos- 
phere, hence it would be dangerous to 
introduce them into factory chimneys. 
The experiment was tried in Southwark, 
with the blowing up of the furnace as the 
result. With sewers, as in other cases, 
ventilation must be subject to modifica- 
tions. 

In villages and small towns where pipe 
sewers are alone employed, small ventilat- 
ing shafts carried up the nearest building, 
tree, or other suitable object, will answer 
the purpose, viz., that of relieving the 
sewers of any pressure of gas. 

Their useful effect will be increased by 
the Archimedean screw cap, as used in 

* Would not its diffusion, as rapidly as produced in 
sewers, remove this objection? J. L. G. 
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Liverpool, and a wire basket containing 
charcoal may be beneficially placed where 
the gas must pass through it. 

Large brick sewers must not only be 
relieved of pressure, but must be clear 
enough for men to work in them. 

In London we all know how they are 
supposed to be kept clear of foul gas, 
that is, by the numerous open gratings 
which are seen in every street. 

This would seem at first sight a rude 
method and a dangerous one. Experience, 
however, teaches us that the evils natu- 
rally to be expected from such a system 
are not so serious in practice as the na- 
ture of sewer gases would lead us to 
think. No doubt the diffusive property 
of gases has much to do with this favor- 
able result. By the proper use of char- 
coal it is stated that the possible evil is 
reduced to a minimum. 

I do not think any inseparable difficulty 
would be encountered in applying me- 
chanical ventilation to sewers. Certainly 
there is the cost, but this should not 
stand in the way for a moment where 
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the public health is concerned. Let 
those in authority say it must be done, 
and I feel sure the way would soon be 
found. 

A sewer 6 ft. in diameter and 5 miles 
long will contain 746,000 cubic ft. of air, 
but after deducting one-third for space 
occupied by sewage water, 497,550 cubic 
ft. would be the quantity left to be dealt 
with. As mentioned above, a fan 10 ft. 
in diameter will remove 9,000 cubic ft. of 
air per minute, so that the entire quan- 
tity in the sewer might be changed once 
every 56 minutes. Certainly nothing like 
this would be required. 

Practical difficulties would, no doubt, 
be encountered, especially in regulating 
the admission of air into the sewers, the 
position of the fan, the construction of 
side entrances, gullies, etc. ; but these 
difficulties must be encountered and over- 
come if we wish to apply mechanical ven- 
tilation to the sewers of London. I am 
aware that there is nothing new in this 
proposed method of ventilating sewers, 
as it was suggested by Mr. Gibbs, I be- 
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lieve, in 1871, when it was met by objec- 
tions that unless every gully or air-hole 
were stopped up when the fan was at 
work, the air would enter the sewers at 
the nearest inlet with great Telocity, 
which would diminish the further the dis- 
tance was from the fan. 

I think, however, it is not beyond the 
engineering talent of the country to de- 
vise inlets which shall admit the air to 
sewers in such proportions and at such 
places as may be required. 

The difficulty would be much dimin- 
ished if a system of sewers had but one 
or two outlets; and if the sewers were 
used simply for sewage and not for sur- 
face and subsoil water, the difficulty would 
be very small indeed. 

The same objections will, moreover, 
apply to any system of artificial ventila- 
tion for sewers, whether it be by the fur- 
nace or by simple ventilating shafts. 

The following table, compiled by Mr. 
Haywood, C. E., showing the temperature 
of the City sewers, will not, I think, be 
out of place: 
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The table shows us we cannot at all 
seasons rely on the superior temperature 
of the sewers for ventilation. 

Underground railways present fewer 
difficulties, I think, than the sewers. 

No description of the way in which 
they are now ventilated need be entered 
into. 

We are all acquainted with the stifling 
atmosphere underground, and the chok- 
ing, burning-matches odor which pervades 
the stations and streets near them. The 
insertion of iron grids in the roofs of the 
tunnels and the discharge of the noxious 
vapor and steam into the streets can 
hardly be considered a satisfactory solu- 
tion of the question. 

I believe we must here call mechanical 
ventilation to our aid. But first, let us 
consider the condition of the structure we 
are going to treat. 

Taking one of the metropolitan railways 
as a type, we see it consists of a series of 
tunnels, and open or semi-open stations. 
The foul air is generated chiefly during 
the passage of trains through the tun- 
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nels, and a certain quantity of this foul 
air is thrust into the station by the train 
as it enters the further end of the tunnel. 
This foul air, being heated, slowly as- 
cends, filling the streets and neighboring 
houses. 

The stations are nothing more than 
dwarf ventilating shafts in which the 
passengers are partially stifled previous 
to the completion of the process in the 
tunnel. 

Having stated the conditions of the 
structure, let us consider what is required 
to be done. 

First, we have a certain quantity of foul 
air to get rid of without* harm or annoy- 
ance to the public. Secondly, the sta- 
tions must be kept so clear as to allow of 
passengers using them with comfort. 
And thirdly, circulation of air should be 
maintained in the tunnels, which should 
be kept as sweet as possible, not only 
for the sake of the passengers, but for 
the workmen also, and for the greater 
security of the public against accidents. 

It seems to me that these objects will 
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be best accomplished by reversing the 
present system, turning the stations into 
downcast shafts, and drawing the foul air 
away at the middle of the tunnels. 

A little consideration will show how a 
series of tunnels might be connected to- 
gether by what might be called air sewers, 
and the foul gases led to one or more 
pumping stations, there to be forced up 
high chimneys. 

The pumps might be either air pumps, 
such as are, I believe, used in some Bel- 
gian collieries, or machinery similar to 
Nixon's ventilator, or one of the many 
kinds of fan. 

Some of these machines are very power- 
ful. At the navigation pit, near Aber- 
dare, Mr. Smyth gives the theoretical 
quantity of air expelled per minute, by 
one of Nixon's machines, at 166,000 
cubic ft. In Belgium, many fans of enor- 
mous power are at work ventilating coal 
mines. 

The chief difficulty is the expense, but 
I submit this ought not reasonably to 
stand in the way. 
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I believe, however, that a plan could be 
found, which would accomplish the object 
at no very extravagant outlay.* 

I must now leave this part of the sub- 
ject and say a few words useful, I hope, 
to those who are about to choose a house, 
whether as tenants or purchasers, and in 
doing so I may, perhaps, travel somewhat 
away from ventilation. 

The first consideration, after settling 
which town or part of the country it is 
desirable to live in, should be the situa- 
tion of the house, i, 6., not only its aspect, 
but the condition of the soil on which it 

* In this connection It is interesting? to note the ex- 
perience with the railway tunnel, 6,007 ft. long, under 
the city of St. Louis. There were four ventilating 
shafts, but the tunnel was exceedingly foul with gases 
and smoke from the soft coal burnt In the engines. 
The shafts were finally closed and replaced by one 
stack over the tunnel, 180 ft. high, and 15 ft. in diam- 
eter at the top, with a spread to 87 ft. at the base. 

At the opening to this stack is a fan of 15 ft. diam- 
eter and 9 ft. wide, run at a velocity of about 104 
revolutions per minute, by an expenditure of 48 indi- 
cated horse-power. This thoroughly clears the tunnel 
of smoke. A speed of 110 revolutions per minute, re- 
quiring 56 indicated horse-power, wiU completely clear 
the tunnel in from five to six minutes. The above 
facts are taken from an article in the American 
Engineer^ May 13, 1882. J. L. G. 
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stands, and its position in regard to any 
ponds, streams, rivers, or other natural 
features. 

Taking first the aspect. It is generally 
considered that a house is most favorably 
situated when its principal front is towards 
the south-east, for it then gets the morning 
sun, while the rooms are sheltered to a 
great extent from the midday heat. The 
south-west is the rainy quarter in the 
country, and should, therefore, be avoided. 
A gravel soil is commonly to be preferred 
to any other, although I believe that, 
in towns which are well sewered and 
drained, the nature of the soil is not of 
so much importance ; indeed, one might 
readily imagine a case in which a gravel 
soil would be anything but a benefit — as, 
for instance, where there is a pond near 
the house and on about the same level, 
or in towns where percolating cesspools 
are the fashion. Eunning water near a 
house is not objectionable, indeed ma,ny 
persons consider it rather beneficial than 
otherwise ; but before taking the house, 
care should be exercised in ascertaining 



77 

that the water is free from sewage con- 
tamination, especially if it be a small 
stream, or liable to dry up in summer. 
Stagnant ponds should always be avoid- 
ed, especially if the house is on nearly the 
same level. 

With regard to artificial sanitary con- 
ditions, as distinguished from natural 
situation, soil, etc., the first question to 
be asked of the landlord should be as 
to good water supply to the house other 
than from wells on the premises. There 
being no such supply, nor means of lay- 
ing one on, would certainly be against 
the house, inasmuch as where there are 
no water- works, there is generally no 
system of sewerage, and it may safely be 
said that in any unsewered town there is 
hardly a well the water of which is fit 
to drink, to say nothing of the labor of 
pumping water into cisterns, etc. From 
this follows, naturally, the question as to 
the sewerage of the town or village. If 
there is no system of sewers, I would 
say, " live anywhere else, if you possibly 
can," for the absence of sewerage indi- 
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cates the existence of some form of cess- 
pool, an evil so great that nothing but 
absolute necessity should cause any per- 
son to take a house to which a cess- 
pool is attached. I say " some form of 
cesspool," for I am quite aware that 
there are schemes which profess to do 
away with water-closets and cesspools, 
and partially with sewers, but, upon ex- 
amination, they will all be found wanting 
in some material point. Among these 
plans are the "dry earth" and "pail" 
systems, both, in my opinion, but forms 
of cesspools.* If the town or village is 



* This Is, undoubtedly, f^ood advice, and yet, if rig- 
idly followed, it would depopulate many American 
villages and small towns that have and deserve a repu- 
tation for healthfulness. Throughout the country 
may be pointed out towns which, owing to natural ad- 
vantages, have been cheaply supplied with abundance 
of good water laid to the houses, but have as yet not 
risen to meet the expense of a general sewage system. 
Such towns are not necessarily unhealthy or to be 
avoided, although a sewered town is preferable. Cer- 
tainly privies and cesspools are preferable to the most 
extensive system of sewers, combined with bad 
plumbing. The cesspool, which should always be 
properly constructed, need not be a source of disease, 
and there are bouse locations where its use seems to 
.be a necessity. If it can be supplanted by some bet- 
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sewered, the first point is to make sure 
that the house drains are properly con- 
nected with the sewers. It is no uncom- 
mon thing for the drain to be carried 
from the house to the outside of the 
sewer and to stop then, being thus rather 
worse than useless. The bricklayer 
would probably call this ''leaving an- 
other job." After seeing that the connec- 
tion is properly made, ^. e., that the pipe 
really passes into the sewer, the next 
thing to be done is to find out if the 
house drains are properly constructed. 

Next, make sure that the house drains 
are properly ventilated. The landlord or 
builder will probably tell you that they 
are " trapped," and that no foul gas can 
pass the trap. This is a great delusion, 
and should not be listened to for a mo- 
ment. The trap is a very useful and nec- 
essary thing, but it must not be expect- 
ed to do more than it can, and in order 
to make this clear I will explain what the 

ter means of disposal, let it be done, but a baildinfi: is 
not necessarily unhealthy which discharges into It. 

J. L. G. 
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common siphon trap is, viz., a bent pipe 
generally of the form shown in section in 
Fig. 7. These pipes always retain a 
certain quantity of water (indicated by 
shading in the figure) when in use in the 
dip or bend. It will be observed that 



Fig. 7. 

the upper part of the pipe dips into the 
water which completely fills the bend, 
and the water is sometimes said to ''seal" 
the trap, and it is assumed that it will en- 
tirely prevent any gases from passing 
into the house. A little consideration 
will show, however, that if the gas is gen- 
erated in such quantities as to cause any 
considerable pressure in the sewers it 
will readily pass through the water into 
the house. That this has actually hap- 
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pened, the following incident, recorded 
by Dr. Carpenter will show. The venti- 
lating pipe spoken of was, in fact, doing 
duty as a water pipe from the cistern : 
"On the night of October 17th I was 
aroused by a loud noise proceeding from 
the closet; it continued at intervals 
throughout the next day. Unable at first 
to accoimt for it, I eventually found that 
it was caused by the ventilating pipe do- 
ing duty as water pipe to the overflow- 
ing cistern (during a very heavy rainfall). 
There was no room for exit of foul air 
from the sewer, which, therefore, was 
forced through the trap of the water- 
closet, with at times, the force of steam 
through the safety valve of a steam en- 
gine. The nuisance continued for nearly 
three days before the weather would al- 
low the plumber to rectify a mistake 
which had been committed in the pre- 
vious summer, the mistake of making the 
ventilating pipe do duty for a water pipe.'* 
Dr. Carpenter then says that owing to 
there being no particular smell, this 
escape was tolerated, but in two or three 
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days the occupants of the house were at- 
tacked by typhoid fever, and that in many 
other parts of the town enteric disease 
appeared at the same time. 

The traps should be ventilated, and 
the ventilating pipe should not open into 
the house. I know no better means of 
ventilating the traps than that I have 
before described, and as shown in the 
figure above. In this, A is the trap, and 
B the ventilating pipe ; the arrows indi- 
cate the direction of the flow of sewage 
from the house to the sewers. It will be 
obvious that if any accumulation of gas 
takes place in the sewers it will pass up 
the ventilating pipe B, instead of forcing 
the trap and flowing into the house. 
Therefore, insist on the drains being ven- 
tilated, or do not take the house. 

There are several kinds of trap, but 
the principle of all is nearly the same. 

Having settled these preliminaries, let 
us consider the house itself, and examine 
it carefully. 

I need hardly say that this can scarce- 
ly be done satisfactorily by the intending 
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tenant or purchaser unless he has a far 
greater knowledge of building and sani- 
tary matters than falls to the lot of most 
non-professional men ; but much may be 
accomplished by the diligent use of eyes 
and nose especially, if they are used in 
the right way. 

The foundations and basement may 
reasonably claim attention first. Under 
all the walls there should be a mass of 
good concrete, and the whole area on 
which the house stands should be cov- 
ered with the same in a layer not less 
than 6 in. thick. This layer of concrete, 
if made with good hydraulic lime, or, 
better still, Portland cement, will not 
only prevent damp from rising into the 
house, but will keep out those domestic 
pests, rats, mice, and black beetles, as 
well. In all damp soils, concrete under 
all basement floors should be insisted 
upon. If it is not there, and the land- 
lord will not put it, do not take the 
house.* 

* The cementing of the floors has also the import- 
ant advantage of, in some measure, stopping the as- 
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Next note the thickness of the walls. 
If any external brick wall is less than 14 
in. thick, the house will always be damp 
and uncomfortable. Examine the water- 
closets, especially as to position. Look 
to the water cisterns, and find out where 
the waste pipes go to. If into the soil 
pipe of the water-closet, or into the drain, 
as is commonly the case, have them al- 
tered at once. Dr. Carpenter's experi- 
ence will give a reason for this. Both 
rain-water pipes and waste pipes from 
the cisterns should not run directly into 
the drain, but should have their ends vis- 
ible outside the house and above the 
ground. Under each of these pipes there 
should be a trapped sink, connected, 
either with the house drains, or, in cer- 
tain cases, with separate ones.t By the 

cent of subsoil air, which] in some localities is un- 
healthy. In this respect, a close stone-fla^ pavement, 
such as has been used in barracks in India, is better, 
because more impervious. J. L. Q. 

t It will be well to call attention to the fact that 
this method is not admissible in our American climate, 
because of dan^rer from freezing. All waste and rain 
pipes which lead to the house drain must connect 
directly with it, or at least run to a trap in the main 
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regulations made under " The Metropolis 
Water Act, 1871," in all parts of the Me- 
tropolis where the water companies give 
a constant supply of water, the waste 
pipas from all cisterns are to be convert- 
ed into warning pipes, and the outlets of 
such pipes are to be so placed that the 
officers of the companies can readily as- 
certain when water is flowing from them. 
This regulation is intended to prevent 
unnecessary waste of water. 

Lastly, the rooms must be considered. 
They should, if possible, be both light 
and lofty ; for, low, dark rooms are de- 
pressing and unhealthy, and should 
therefore be avoided. All the rooms, 
without exception, should be efficiently 
ventilated, not by open windows or doors 
alone, since, for full half the year, an 
open window is impossible in England, 
but by some plan which shall be inde- 
dent of both, for we cannot, unfortunate- 
ly, suspend our breathing whenever it is 

drain well protected from the weather. The use of 
the Bnffllsh disconnectiiiff trap near the ^ound sur- 
face is not practicable with us. J. L. G. 
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necessary to close door and window, al- 
though the majority of house builders 
seem, if one may judge from their works, 
to think it the most commonplace opera- 
tion in nature. 

An instance of this want of forethought 
lately came within my knowledge. Some 
persons who were interested in the estab- 
lishment of a particular trade in the me- 
tropolis, built a small factory for the 
purpose, and, as usual, ventilation was 
left to chance. The number of persons 
employed, however, brought the firm 
under the " Factories Act," and the In- 
spector insisted that ventilation should 
be provided. The owners, being in a 
difficulty, sent for a carpenter and joiner, 
as the most likely person to help them 
out of it ; he naturally recommended the 
execution of simdry carpenter and join- 
er's work, and proceeded to make all the 
windows to open, which up to that time 
had been, very properly, fixed. The 
immediate result of this was that half 
the persons employed caught violent 
colds, and the ventilation was quite a 
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failure, for the next time the iDspector 
called, being a wet, windy day, all the 
windows were closed, and he, not unnat- 
urally, concluding that nothing had been 
done, peremptorily called upon the own- 
ers to remedy the insalubrious state of 
affairs. They again called the carpenter 
to their aid, whr>, resolving this time 
either to kill or cure, cut a large square 
bole in the ceiling and roof and put up a 
kind of lantern, with louvre board sides, 
over it. Probably he intended this for 
an exit, but having made no provision for 
the inlet, the cold air came down upon 
the heads of those who sat below quite 
as fast as any foul air went out. 

There is nothing more injurious than 
want of ventilation, except, perhaps, a 
draft of cold air. Proper ventilation 
should never cause draft. 

Intending tenants will do well to get 
the necessary sanitary conditions com- 
plied with before they enter into posses- 
sion. Some landlords will promise great 
things before the tenant is actually in the 
house, but after that will do nothing 
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whatever, and the unfortunate occupier 
finds himself obliged, either to make al- 
terations at his own expense, put up with 
annoyance, ill health, and, may be, the 
death of some of his family, or, at great 
inconvenience, leave the house, and per- 
haps, risk an action at law with the land- 
lord. 

If the landlord decline to make the 
necessary alterations before the tenant 
enters into possession, have nothing to 
do with the house. 

To the case of inhabited houses, where 
ventilation or other sanitary matters are 
defective, most of what has gone before 
will apply. I would urge all persons not 
to allow defects in drainage or ventilation 
to exist an hour longer than is absolutely 
necessary. How many outbreaks of 
cholera can be traced to a defective drain 
or foul cesspool, and people have said, 
" Oh, it is in the air," or in this, or in 
that, while the real cause was, perhaps, 
under their very feet. 

With regard to country houses, which, 
from their isolated position, are beyond 
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the reach of a system of sewerage, it must 
be admitted that many difficulties are 
presented to us. 

Sewage must be disposed of by irriga- 
tion on the land, for there is no other 
successful method of dealing with it at 
present known, and therefore towns and 
villages have been empowered by various 
Acts of Parliament to acquire land for 
this purpose. Private persons have not 
this advantage and in their case the cess- 
pool has always, until lately, been regard- 
ed as the only resource. But it is a very 
dangerous resource. Ask how the liquid 
gets away from the cesspool, and you 
will probably be told that it percolates 
through the brickwork forming the sides, 
the bricks being laid dry on purpose, and 
passes into the surrounding soil. Yes, 
percolates under our houses, into the 
springs, pollutes the wells, until, as at 
Biigby before the sewerage works were 
executed, things come to such a pass that 
the fluid thrown into the cesspool in the 
morning is pumped from the well at 
night ! Or, perhaps, the cesspool is well 
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built and the sewage retained in it, but 
the mass of putrid filth must be taken 
away, and I suppose many persons have 
been disgusted at some time or other 
with this sickening process. 

The remedy is not hard to find, but 
the means to be adopted will depend 
greatly upon the conditions of each indi- 
vidual case. Moreover, this belongs to 
another branch of sanitary science, and I 
am wandering away from ventilation.* 

What has been said with respect to 
ventilating drains connected with sewers 
will apply with more force where there 
are cesspools. For in the former case 
there may be no evolution of foul and 
dangerous gases even for years, while in 

* As was mentioned before, the cesspool, properly 
built and connected, is not necessarily an unsanitary 
contrivance. It is a contriyance, however, invented 
to meet those cases where other means fail. For 
many isolated houses there are no sewers, and there 
is no place near where the bouse drain can be run and 
the sewaj?e harmlessly disposed of. In such a case 
the well cared for cesspool may be the best solution of 
the problem. The subsoil irrigation system so strenu- 
ously championed by Col. Waring, may be used with 
advantage where the contour of the land will permit, 
and has decided merits over the cesspool. J. L. Q. 
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the latter it is certain and continuous. 
It is of no use to try and enclose it in 
the cesspool, free vent must be given if 
you would keep death and disease out of 
your houses. 

In concluding these somewhat disjoint- 
ed observations on a very important sub- 
ject, I would ask the reader to remember 
that the whole paper has been written at 
different times, when a few moments 
could be spared from more pressing mat- 
ters, and if I have not adhered strictly to 
ventilation, pure and simple ; yet drain- 
age and warming are so intimately con- 
nected with it, that it is difficult to treat 
of one without drawing in the others also. 

Very much more might have been said 
about ventilating public buildings, such 
as churches, for instance, where no at- 
tempt seems ever made to get fresh air 
in, or foul gas out of the building, but I 
have simply endeavored to convey a little 
useful information to the reader, which 
will, I hope, be of service in improving 
domestic comfort, and keeping disease 
away from our homes. 
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HOW MUCH VENTILATION? 



The topic Ventilation has been treated 
by so many writers, and from so many 
points of view, that it may seem unneces- 
sary to dwell upon it any further. The 
apology for doing so lies in the desire to 
clear away from the minds of some peo- 
ple a feeling that the asserted require- 
ments of ventilation are made by enthu- 
siasts and hobby riders. This impression, 
more or less vague though it be, possesses 
many practical men, influential in their 
professions. 

And why, it may be asked, are they 
thus influential? Is it not because of 
devoting their attention to some one 
branch of work, becoming specialists in 
that branch 1 They naturally resent the 
rejection of their dictum by any one who 
has not by special training fitted himself 
to judge the matter ; even as the archi- 
tect would look with disgust upon the 
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surgeon who asserted that he could build 
houses because he had studied the frame- 
work of the human body. They demand 
faith on the part of others in their asser- 
tions, and rightly so, but they must make 
a like return. This law of reciprocity is 
an essential requirement of specialism, 
which word is at the very foundation of 
success in modem arts and modem sci- 
entific work. 

Therefore, when men of talent, who 
have given their time to the study of 
hygiene and kindred subjects, assert cer- 
tain facts and give certain data regard- 
ing ventilation, let us believe that there 
is some basis for what they say, and that 
the data which they give us are correct. 
There is a definite, practical reason, and, 
therefore, a scientific one, for the asser- 
tion that under ordinary circumstances a 
human being requires a given amount of 
fresh air in a given time, for health. The 
fact that he can be proved to have lived 
to old age on a much smaller allowance 
is no argument against it, any more than 
is the fact of persons living to old age in 
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poverty an argument against the expense 
of a table well supplied with healthy and 
nourishing food. 

An attempt may be made to rehearse 
the main features of the reasoning that 
leads to the requirements of modem 
science regarding amounts in ventilation. 
It will, pierhaps, serve to help the faith of 
some doubting or skeptical person, puz- 
zled by seeing thousands living around 
him in apparent health and in blissful ig- 
norance that there is such a thing as bad 
air. 

In the first place, the object of ventila- 
tion of buildings is to provide air for the 
inmates that shall be healthy for breath- 
ing, and not disagreeable to the senses. 
This necessitates a change of air, because 
operations are constantly going on that 
tend to make it objectionable. What are 
these operations? First in impoi^tance 
is man himself, not because he is always 
the chief source of vitiation, but the cal- 
culation of the amount required by him 
must generally be considered, for he is 
always present where ventilation is need- 
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ed. After man come what may be styled 
the accidental source of yitiation, such as 
gas lights and lamps, gases from stoves 
and poor furnaces, the odors of the vari- 
ous domestic operations, and the gases 
and mechanical impurities arising from 
different manufacturing industries. Some 
would also include the gases and disease 
germs which in too many houses escape 
from drainage pipes into the rooms. It 
does not seem consistent, however, to 
allow in a statement of sources of im- 
purity to be recognized and allowed for, 
one that should never be tolerated for an 
instant. 

All the special sources of vitiation are 
variable in amount and in occurrence. 
They may cease entirely. Not so with 
man. He is a pump for inhaling pure 
air and exhaling bad air, and the machine 
keeps on its pulsation day and night, 
winter and summer, until death removes 
the power and the breath ceases. It is 
easy to see the propriety, therefore, of 
basing the air supply on his require- 
ments, that is, on the number of people 
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to be supplied, and then making such 
allowance as may be necessary for special 
sources of vitiation. This is the only 
sound, scientific ground to start from, for 
it will support all cases, from those in 
which a large gathering of people is the 
only source to be allowed for, to one 
where the number of beings present bears 
only a small proportion to the special 
causes of impurity. 

The methods of ascertaining the re- 
quirements of man regarding air supply 
may be outlined in this wise. Carbonic 
add (CO,) is exhaled with the expired air, 
also organic matter and vapors that are 
the natural outcasts of the body, as well 
as those proceeding from an unhealthy 
state of the system. Water is also evap- 
orated from the lungs and exhaled as 
vapor. In addition to all these, is the 
operation of transpiration from the pores 
of the skin, whereby moisture and vari- 
ous organic secretions are given off to 
the surrounding air. An adult gives off 
1^ to 2J lbs. of water per day in this 
manner. A person suffering from certain 
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diseases will also infect the air with 
disease germs, that make it extremely 
dangerous for breathing. This is not the 
place for a discussion of the germ theory 
of disease ; suffice it to say that these liv- 
ing germs are well attested to, are ex- 
ceedingly minute, extremely active, and 
that so far as is known, a single one taken 
into a system where it finds congenial 
soil, may be the cause of virulent dis- 
ease. 

Of course^ disease germs, and disagree- 
able odors arising from certain diseases 
accompany the presence of sick people 
whose proper place is in the sick-room or 
the hospital, but a perfectly healthy man 
is constantly vitiating the air. It has in 
the past been thought that this was due 
entirely to the CO, gas exhaled, and all 
estimates and designs were made with 
the idea of removing it alone. Now the 
best opinion is in favor of the view that 
the vitiating of air by human beings, so 
far as it is made unfit for use, is due 
chiefly to the organic matter given off. 

The facts are these: Pure air contains 
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about 4 parts in 10,000 of CO,, while ex- 
haled breath is burdeoed with 400 parts 
in 10,000 of that gas.* The air exhaled 
is mixed with the surrounding air, so 
that in a well-ventilated room there will 
be 6, or possibly 10 parts in 10,000 of 
CO,, bat in the ordinary class of unventi- 
lated buildings the amount of CO, in oc- 
cupied rooms is often 15 or 20 parts in 
10,000, and sometimes far more. This 
CO, is a negative gas, odorless, tasteless, 
and entirely non-poisonous. The aque- 
ous vapor given oflf is equally harmless 
in itself. It does not differ in any sense 
from the water that is always in the at- 
mosphere and is so necessary an ingredi- 
ent for our comfort. Under usual con- 
ditions about five per cent., by volume, of 
exhaled breath is moisture. 

* Some experiments made upon London air indicate 
that the commonly accepted proportion of 4 parts of 
COs In 10,000 of pure air is too high. 150 tests were 
made in an open space, at St. Bartholomew's Hos- 
pital, in the years 1882 to 1884, that give as an average, 
leaving out the tests on foggy and misty days, 4.8 in 
10,000, the lowest being 8.1 on a fine August day. It 
was concluded by the experimenters that the propor- 
tion for pure country air is probably about 8 in 
10,000. 
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The organic matter thrown off from 
the healthy body is, like many organic 
compounds, extremely subtle in its na- 
ture. There is no chemical means of 
analysis known that will define it in its 
varying composition and determine its 
amount. The most delicate laboratory 
test that chemistry can devise will show 
no quantitative difference in this respect . 
between pure air and the breath that has 
just left the body. There is a popular 
test of its presence, however, that is not 
to be mistaken. The peculiar odor which 
infests an unventilated room occupied by 
many people, can be attributed to nothing 
else than this. The reasonable assump- 
tion is, that these organic substances, in 
the presence of warmth and the moisture 
of the breath, easily undergo decomposi- 
tion, and make themselves known by the 
disagreeable odors of their decay. 

Such are, so far as is definitely known, 
the constituents given off from the 
healthy human body to the surrounding 
air. What are the injurious ones? We 
know that in an unventilated room, occu- 
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pied by many people, the air becomes in 
time unendurable, and even if the case is 
not so extreme, persons living long in 
poorly ventilated buildings, where the air 
is haWtually " close " and " stale," are de- 
bilitated, and lack the energy of those 
accustomed to fresh air. This statement 
needs no proof beyond an appeal to com- 
mon experience. The moisture given off 
cannot be injurious. The issue then is 
narrowed down to the CO,, and the or- 
£fanic matter. CO, in excess may cause 
fnjury by occupying the space otherwise 
taken by the oxygen, which is the vital 
element of the air on which our blood is 
fed. If the air is thinned out by CO,, the 
blood may be robbed of its required 
supply of oxygen, and debility result. It 
seems absurd to suppose that the small 
increase of even 25 parts in 10,000 of CO, 
would have any such effect, but the human 
body is a very delicate organization, and 
it may be that a long continued depriva- 
tion of this kind would become observa- 
ble. It is difficult, however, in the light 
of numerous experiments, to attribute to 
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the small increase of GO, the peculiar and 
immediate depressing effect of a close, 
crowded room, which room, moreover, is 
not necessarily a warm one. The majority 
of modern hygienists are disposed to con- 
sider the organic matter the cause of the 
bad effects of air vitiated by breathing, 
and to say that the 00, has very little to 
do with it. This view certainly seems a 
reasonable one. At all events, it is not 
the CO, which causes the very unpleasant 
odor of a crowded, unventilated room, 
and this with most people is a practical 
and very strong inducement to ventila- 
tion. The writer is not competent to say 
what is the ultimate cause of vitiation of 
the air by breathing. The evidence ap- 
pears in favor of laying the charge upon 
the organic matter, but the proof does 
not seem positive, that the COg has no 
effect whatever. It may be that they 
combine to exert an effect upon the health 
and comfort of human beings, when al- 
lowed to accumulate to any extent in the 
air inhaled. But this makes no special 
difference so far as practical ventilation is 



105 

concerned, for, whicheyer is the cause, 
the remoTal of one inYolyes the removal 
of the other, and the practical question 
is, how moch air is necessary, per indi- 
yidnal, in order to keep these down to a 
safe, i. e., a healthy limit ? 

The answer to this question is the ob- 
ject intended in what follows. Bat before 
proceeding farther, a sharp distinction 
must be drawn between what a mere 
theory would require, and the demand of 
a theoretical discussion based on the actual 
conditions of practical ventilation. Some 
scientists have treated this subject appar- 
ently under the supposition that a person 
inhaled through a tube from one reservoir 
of fresh air, and exhaled through another 
tube into another reservoir, the supply 
and deposit being kept entirely distinct. 
By this method they get a very small 
amount as a result. The only case that 
I am aware of in which the actual bore 
any resemblance to these assumed con- 
ditions, was the somewhat unique one of 
the shipwrecked mariners of the Thomas 
Hyke, as related by Mr. Frank Stockton. 
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The fact is that actual ventilation is a 
process of dilation, the expired breath 
mingling with the air of the room, and 
the supply needed must be sufficient to 
keep the mixture in the room down to a 
proper standard of purity. 

To compare with a standard it is ne- 
cessary that the amount of CO, and or- 
ganic matter present should be estimated. 
But the latter cannot be calculated. It, 
however, bears a direct proportion in 
amount to the CO,, for obvious reasons, 
and the latter, which can be calculated 
by analysis of the air, is made the basis 
for estimating the presence of the former. 
It is a matter of experience by those ac- 
customed to study the subject, that 6 to 
possibly 8 parts of CO, in 10,000 of air in 
a space occupied by healthy people ac- 
companies an atmosphere that has no 
disagreeable odor, and can be considered 
healthful. If the proportion rises to 10 
or 12 in 10,000 a slight unpleasantness 
usually manifests itself, and the ventila- 
tion cannot be considered thorough. 
Above that proportion of CO,, the air soon 
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becomes from breathing absolutely unfit 
for use. Haying this standard fixed it is 
a comparatively easy matter to determine 
on the amount of air supply, for, knowing 
the amount of CO, in pure air, the amount 
in exhaled breath, and the amount of air 
passing through the lungs in a given 
time, a simple use of mathematics shows 
the amount of fresh air required per hour 
to dilute the breath and bring the mix- 
ture to the required st/andard. It is 
simply then a matter of the standard 
taken that varies the air allowance. Dr. 
Parks, who is one of the highest authori- 
ties, places it at 6 in 10,000, which re- 
quires a supply of 4,000 cubic feet per 
hour per person. The late Mr. Briggs 
adopted 8 in 10,000 as a standard, which 
requires a supply of 1,800 cubic feet per 
hour. M. Planat appears to" consider 10 
parts in 10,000 a sufficiently high stand- 
ard. 

It may seem that these wide differences 
destroy all value of calculations, but it 
should be remembered that the test by 
CO,, while in a sense indirect, is yet a 
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very delicate one, that a very slight differ- 
ence in amount of CO, will aooompany a 
decided change in the comfort and health 
of the air. If we are content with a 
somewhat tainted air, a standard of 10 in 
10,000 will answer, and we will, so far as 
the air is concerned, probably live to a 
good old age. If we want air in our 
rooms, entirely free from traces of musti- 
ness, and as fresh to our senses as that 
which blows over the mountains, we must 
take Dr. Park's estimate. The expense 
may in some cases prohibit such a stand- 
ard being attained, but, as he writes with 
reference to another matter, ** After all, 
the question is not what is likely to be 
done, but what ought to be done, and it 
is an encouraging fact, that in most things 
in this world, when a right course is rec- 
ognized, it is somehow or other eventu- 
ally carried out." Dr. Parks gives as a 
rule easy to be remembered, one cubic 
foot per person per second, equal to 3,600 
cubic feet per hour. 

Most writers make a distinction as re- 
gards age and sex of the people, and also 
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regarding their occupations. In view of 
the considerable difficulty of obtaining 
exact amounts in ventilation, it seems an 
unnecessary refinement to allow a deduc- 
tion from the above standards for adult 
males, even in the case of children, for as 
Dr. Billings observes, the latter are more 
delicate and susceptible to impure air. 

For difference of occupation the case 
is different, as some kinds of work in- 
crease vastly the energy of breathing. 

If some one exclaims in impatience, 
these standard amounts are very fine, but 
entirely impracticable on account of ex- 
pense, let him remember that to get ven- 
tilation he must pay for it. If he wants 
the best ventilation the highest standard 
is not too high. The entire matter is 
one of compromise between good air and 
expense. As a reasonable compromise 
in many cases the 1800 cubic feet allow- 
once may be used, but any lower allow- 
once than that for largely occupied rooms 
should not be allowed. 

So much for the vitiation caused by 
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the persons of human beings. The spe- 
cial sources of vitiation of air may now 
be briefly considered. It will be recalled 
that the term special is used to denote 
the causes of vitiation met with in build- 
ings, other than the human beings occu- 
pying them. It would be more general 
to say, other than the living creatures 
occupying them, for in the case of stables 
and the like it is a highly important duty 
of the sanitary engineer to ventilate them 
and base his calculations on the number 
of animals present. The chief distinction 
between the animate and the special 
sources of vitiation is, that the former 
are continually in operation, and with 
some degree of regularity, while the lat- 
ter are varying, both in degree and con- 
tinuity. There is another important 
difference in respect to treatment. The 
animate sources of vitiation must be al- 
lowed to breath into the surrounding 
space, and their vitiation be mingled with 
the air of the rooms, whereas, in nearly 
all cases, the special impurities can be 
directly conveyed away. 
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The usual special causes have been 
enumerated. Some of them, such as 
gases from poor furnaces, etc., are 
hardly legitimate, but nevertheless do 
occur. No calculation can be made for 
them. The gases and mechanical parti- 
cles arising from manufacturing opera- 
tions are so various in nature and amount 
that no general allowance can be made 
for them. As a rule they should be im- 
mediately and thoroughly removed from 
the work-room. * 

Likewise, for the odors arising from 
numerous domestic operations, no allow- 
ance of air can be given for their dilution. 
It would require all out-doors to make 
the odors of wash-day unobservable. 

The only effectual plan is to carry off 
such sources of unpleasantness as soon 
as possible. 

The subject of illumination is one that 
comes under this heading. All do not 
realize what consumers of air our lamps 
and gas lights are. From one point of 
view they are necessary nuisances. In 
the operpition of burning large ^^paounts 
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of 00, are given off, and also other prod- 
ucts more or less injurious and disagree- 
able. The heat evolved is a separate 
matter, entirely apart from the effect on 
the purity of the air. Experiments show 
that a candle gives about 0.3 cubic foot 
of 00, per hour, an ordinary lamp about 
1 cu. ft. per hour, and an average of tests 
made by Mr. H. 0. Bowen, of New York 
coal gases, both rich and poor in hydro- 
carbons, give 0.75 cubic foot of 00, per 
cubic foot of gas burnt. A 4^foot burn- 
er yields then, 3.38 cubic feet of 00, per 
hour. An adult in ordinary conditions 
of quiet occupation emits about 0.6 cubic 
foot of 00, per hour. So, as producers 
of 00,, a man equals two candles, a lamp 
equals two men, and an ordinary gas- 
burner can hold its own aofainst nearlv 
six men. 

It cannot be claimed positively that 
the production of 00, by lights repre- 
sents the same corresponding vitiation 
of the air for breathing purposes, as in 
the case of man, for organic matter is not 
proportionally evolved. But, especially 
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in the case of gas, there are other prod- 
ucts given off, quite as objectionable in 
their nature. Anyone who has had oc- 
casion to mount a step-ladder in a close 
room, brilliantly lighted, can bear testi- 
mony to the overpowering and peculiar 
condition and odor of the air near the 
ceiling, a condition that heat alone could 
not occasion. More or less free gas es- 
capes unconsumed, and some of the car- 
bon is burned onlv to carbonic oxide, a 
very poisonous gas. Also, the gas is very 
liable to emit di-oxide of sulphur if the 
coal contained any of that impurity, 
which enters the lungs and there forms 
sulphurous acid, injurious in its effects. 
There are other products of combustion 
which a gas analyst can better describe, 
but enough has been said to show that 
the amount of vitiation increases directly 
as the amount of CO,, and hence, if the 
products of combustion are allowed to 
mingle in the room, the same test of the 
purity of the air can be applied as for man. 
The question then becomes as before, 
what standard for the allowable amount 
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of CO, should be taken? Wolpert, says 
that the air supply should be 1,800 cubic 
feet of air per cubic foot of gas burnt. 
A calculation shows that this corresponds 
to a standard of 8 parts of CO, in 
10,000. Briggs, who we may be sure 
would give full prominence to the eco- 
nomical side of the subject, gives this 
rule for halls of audience : " Ten cubic 
feet of air per minute per cubic foot of 
gas burnt per hour." Hence, for a 4:^- 
foot burner, 2,700 cubic feet of air per 
hour. This makes the standard of COj 
16 parts in 10,000 of air. Dr. Parks ap- 
proves the larger estimate, and it seems 
the best standard, although there may be 
modifying causes in some cases that will 
make Mr. Briggs' rule advisable. 

The preceding remarks are based on 
the assumption that the products of il- 
lumination are to be allowed to mingle 
with the air in the apartments lighted. 

In the case of candles and movable 
lamps such a course is advisable, but for 
gas lights it is a question if the evolved 
gases should not be directly carried away. 
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Or rather, there is no question at all of 
the propriety of doing so in all cases 
where arrangements can be made for 
what is termed exclusive lighting. 

This concludes the attempt to indicate 
the steps by which the foremost sanitari- 
ans of the present day have reached their 
conclusions regarding amounts of air sup- 

piy- 

As was stated before, the apology for 
devoting space to this subject lies in the 
desire to leave no room for the opinion 
that the demands of science in this re- 
spect are the demands of hobby riders, or 
of those who theorize, with supreme in- 
difference as to whether the conditions 
they assume are ever met in practice or 
not. 

The figures given are as definite as is 
the price of gold, quoted at the mint, and 
as practical as the current quotations of 
iron. The standard of purity can be va- 
ried, to be sure, but if lowered to reduce 
expense the purity of the air is likewise 
lowered. 
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The effectiveneBS of ventilation and the 
cost of ventilation are, within limits, in 
direct ratio to each other. When we are 
told that to keep the standard of purity 
at 6 parts of CO, in 10,000, the supply 
must be 4,000 cubic feet per hour, this 
means that if a man is put in an abso- 
lutely tight room of 4,000 cubic feet ca- 
pacity filled with fresh air, at the end of 
one hour the air will have reached the 
limit of impurity, and after that it will 
become unhealthy, according to that 
standard. Similarly for a gas light. 

There is no room for uncertainty in 
these figures; they are as precise and 
practical as any of the data on which 
business calculations are based. It is 
merely a question of how pure you intend 
to have the air. 

These data are precise, and as such are 
the only fit basis for calculations, but at 
the same time, in their actual application 
they must be frequently modified, as I 
will endeavor to explain. As in all ap- 
plications of scientific truth to practical 
necessities, it is necessary to remember 
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that a perfect theory cannot take account 
in a single formula of all possible condi- 
tions that may be met with in practice. 
It can only serve as a foundation for esti- 
mates made to suit the special cases that 
continually arise. Skill and common 
sense are necessary to decide how far the 
conditions of the case should influence 
the amount demanded by the special con- 
ditions used in deducing the theoretical 
supply. This is the only sensible ; it is 
the only scientific way, and it accounts 
for the appai'ently wide separation be- 
tween the theoretical amounts specified 
by sanitarians, and the actual amounts 
required by the best sanitary engineers 
for different kinds of buildings. 

With this sound basis to build upon, 
the next step in order is to touch upon 
the main points influencing the selection 
of an amount of air supply, and then to 
give the amounts used by engineers for 
various buildings. 

Perhaps the first practical condition to 
be mentioned that differs from those as- 
sumed in estimating the standard air sup- 
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ply, is what may be termed insensible 
ventilation. It is mentioned first because 
always existing. The conditions of the 
theory suppose a man inclosed in a room 
absolutely impenetrable by air, except 
through certain definite channels under 
control. The fact is, this never exists. 
Movement of air constantly takes place 
through window crack?, etc., and even 
through brick walls. Mr. G. P. Putnam 
mentions in " The Open Fireplace," ex- 
periments he made with a room in which 
every observable crack and opening was 
carefully puttied, the brick chimney- back 
and jambs were oiled, and ultimately four 
coats of oil paint put on the walls and 
ceiling, and three on the pine floor, but 
after all this the inflow from the furnace 
register was only diminished 20 per cent. 
At the end of the hour a quantity of air 
more than equal to the entire capacity of 
the room had passed through the regis- 
ter. There were, of course, microscopic 
outlets for the air which it might be pos- 
sible to close, but this illustrates the fact 
that the inlet and outlet registers of a 



119 

room are by no means the only modes of 
passage of the air. 

The importance of insensible ventila- 
tion does not lie in its being a condition 
to be calculated upon in arranging a 
systematic scheme of ventilation, for in 
such cases the regular, legitimate air 
supply is the only one to be rehed upon ; 
but it lies in the fact that without it, 
nine-tenths of civilized humanity would 
long since have had, like the colored gen- 
tleman, " to take to the woods." 

In the light of what has been men- 
tioned before it needs no demonstration 
that in unventilated buildings, if it were 
not for this insensible ventilation, people 
could not exist. It is the salvation of 
thousands of families in elegant homes, 
and even it does not in many cases pre- 
vent premature loss of health, and even 
death from slow suffocation. 

Insensible ventilation is, however, a 
factor that the architect can very reason- 
ably take account of in designing many 
houses where the number of inmates is 
small and the expense must be a mini- 
mum. 
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Cubic space allowance is another con- 
dition of the air amount question that is 
well worth considering. Its position as 
an element of the problem is very easily 
defined, although more or less miscon- 
ception of it exists. If a certain number 
of people occupy a given room, each per- 
son has a certain number of cubic feet of 
space in that room, that for purposes of 
estimate may be called his. The simple 
question is, how does it affect the air 
supply required by him 1 

There is, unquestionably, an impres- 
sion among many that cubic space takes 
the place of ventilation. 

To a limited extent this is true ; that 
is, apparently true; for if you place a 
few people in a sufficiently large room, 
with no means of ventilation, the air may 
still keep passably pure owing to in sensi- 
ble ventilation, and roughly speaking, the 
degree of purity will depend on the cu- 
bic space allowance. Those few inmates 
may occupy that room continuously and 
breathe good air. But if a large num- 
ber of people occupy the room, the in- 
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sensible ventilation is entirely inadequate, 
and the air becomes very bad. The 
space allowance cannot then, in any 
sense, take the place of air supply. It 
merely serves as a mixing chamber for 
diluting the persons' breath with fresh 
air. Each person should have so many 
cubic feet of fresh air per hour, inde- 
pendent, within limits, of how large a 
space that air flows through. But, indi- 
rectly, the space allowance may influence 
the air allowance in this w^ay. If, pre- 
viously to its occupation, the space is 
filled with fresh air, it acts as a reservoii', 
upon which the lungs can draw until it 
has reached the limit of impurity set by 
the standard taken. As soon as this 
limit is reached, however, then the regu- 
lar air supply must go on entirely inde- 
pendent of the cabic space. 

This is theory, but it is theory to 
which practice makes the closest of ap- 
proximations in cases of crowded rooms, 
and can only be disregarded where the 
active sources of vitiation of the air bear 
only a small proportion to the insensible 
ventilation. 
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It is apparent, then, that when rooms 
are occupied for short sessions, and be- 
tween sessions the air is thoroughly re- 
newed, it is perfectly allowable to re- 
duce the air supply in just so far as the 
space serves as a reservoir. When rooms 
are continuously occupied by many peo- 
ple, the amount of cubic space cannot 
lessen the required air supply. 

In the case of rooms large relatively 
to the number of inmates, or other source 
of vitiation, cubic space allowance may 
very reasonably materially affect the al- 
lowance of air supply, and in some cases 
may be rightly assumed to take the place 
entirely of systematic ventilation, espe- 
cially where the expense must be kept 
down to the lowest limit. It is on such 
grounds as these that the specification 
of cubic space allowance for tenement 
houses and some other buildings can be 
justified. The specification of it for 
schools, with the idea of its taking the 
place of systematic ventilation, ought not 
to be tolerated. If any room needs ven- 
tilation it is the schoolroom. 
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While considering the practical condi- 
tions that affect the selection of a stand- 
ard of air supply, the relations of warm- 
ing and ventilation may well be dis- 
cussed. Theoretically they are distinct 
subjects. Ventilation is, for hygienic 
reasons, a necessity. Warming is, within 
limits, merely a matter of convenience 
and pleasure. A great part of the time 
we warm our houses to be comfortable, 
not because it is necessary for health. 
If we wore warmer clothing we might 
live in much colder houses in good health. 
The physical condition of many who 
live in hot, stuffy rooms would probably 
be improved by such a course of treat- 
ment. Of course this supposes damp- 
ness to be eliminated. 

1'heoretically, then, ventilation is nee- 
essary at all times, and in amounts inde- 
pendent of the temperature, while warm- 
ing is a matter dependent upon the cli- 
mate and the "cold waves" that the 
Weather Bureau sends us. The Arab 
in his tent, and the Esquimaux in his 
reeking snow hut, both require fresh 
air. 
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Practically, however, warming and 
ventilation are very closely connected 
especially in this chmate of cold winters. 
The reason lies in the fact, that in order 
to make a building comfortable in this cli- 
mate in cold days, and with a reasonable 
expense, it is necessary to heat the air it- 
self. Hence, the greater the amount of 
ventilation, the greater the amount of 
heat required, and the expense. It may 
be laid down as a practical truth beyond 
peradventure, that people will insist on 
being warm in preference to being well 
ventilated If one or the other must be 
sacrificed, it will be the ventilation, every 
time. 

If the expenise of sufficiently warm- 
ing the volume of air required for good 
ventilation seems excessive, the liouse- 
holder will in all probability cut down the 
air supply. He is hardly to be blamed 
for this. The most rigid sanitarian will 
shut the window if he is chilly, although 
he knows it to be the only inlet for fresh 
air to the room. 

This matter of the relation of warm- 



125 



ing and ventilation is seen to be one of 
dollars and cents, rather than of physical 
science, and hence its influence in deter- 
mining the amount of air supply is of a 
different nature from that of cubic space 
allowance. As a sanitEirian, no architect 
or engineer ought to consider it. As a 
practical business man, he has to consid- 
er it, and should always remember that, 
as regards the popular use of the title 
" warming and ventilation,'' there is a 
significance in the order of the words. 

For many public buildings, however, 
such as hospitals and schools, no consid- 
eration of the expense of warming should 
move the designer from rquiring a suffi- 
cient air supply. 

The natural ventilation, cubic space al- 
lowance, and the relation between venti- 
lation and warming are the chief matters 
influencing the reduction of air supply 
allowance that are not directly connected 
with the inmates and their occupations. 
In special cases of manufacturing build- 
ings, etc., there are special causes of vi- 
tiation; but, as has been said, these 
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should be carried off directly where 
practicable, and in that event do not in- 
fluence the amount of air supply required 
for the inmates. 

The occupations and physical condi- 
tions of the inmates of buildings, of 
course, have a bearing upon the amount 
of air supply, but are directly connected 
with the inmates themselves. The best 
way of considering them is to pass di- 
rectly to the amounts of air supply se- 
lected by engineers for various kinds of 
buildings. The chief factors in causing 
the varying figures for different build- 
ings have been — First, the length of 
time that the rooms were used continu- 
ously ; second, the physical condition 
and occupations of the inmates ; and, 
third, but perhaps more potent than all 
the others, the amount that it is reason- 
able to expend for ventilation on different 
building. 

The highest figures used are for hos- 
pitals. Nothing less than the highest 
standard already given ought to be taken 
for such buildings. Dr. Parks has had 
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great experience with hospitals, and he 
states that the minimum for them ought 
to exceed the allowance for healthy be- 
ings by at least one-fourth. In wards 
for surgical operations a much larger al- 
lowance should be made. Four thousand 
to five thousand cubic feet per hour per 
person is required by Peclet. Planat 
states an amount in cubic meters which 
equals 5,300 cubic feet. Hospitals for 
diseases, in which there are very offen- 
sive exhalations from the body, and espe- 
cially for contagious diseases, require 
practically all the air that can be ob- 
tained. The supply should not be less 
than 7,000 cubic feet per hour. In the 
case of hospitals the necessity for fresh 
air is so apparent that there is compara- 
tively little difficulty in persuading peo- 
ple to meet the expense of this thorough 
ventilation. 

For theaters, those engineers who are 
strong upholders of the higher standards 
of purity of air require 2,000 to 2,500 
cubic feet per hour. In this reduction 
from 3,600 cubic feet, Ihey doubtless con- 
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sider that the use of the theater is not 
continuous, and that the upward move- 
ment being a prominent feature of the- 
ater ventilation, the breath is more 
rapidly removed from the level of the au- 
dience. 

Most engineers adopt iigures that are 
more of a compromise with expense. 
General Morin requires 1,400 to 1,800 
cubic feet per hour. This estimate, al- 
though much smaller than the first, will 
give very fair ventilation. Compared with 
those theaters which have no thorough 
system of ventilation, it seems all that 
could be desired. The Madison Square 
Theater, of New York, has a theoretical 
supply of 1,600 cubic feet per person, 
and is very successful in its ventilation. 
The Vienna Opera House, which is con- 
sidered one of the very few well- venti- 
lated theaters, has a theoretical supply 
of about 1,000 cubic feet per pei*son. 

The conditions of church ventilation 
are in many respects similar to those for 
theaters, and about the same air allow- 
ance should be made. In the majority 
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of churches the services are not attend- 
ed by crowded congregations, and hence 
tolerable ventilation may be obtained 
with much less air supply, but special 
occasions frequently occur when the ven- 
tilating apparatus is taxed to its utmost. 
Considering this, it is unadvieable to 
make any less allowance for churches 
than for theaters. 

Eooms used for lectures, etc., of an 
hour or so duration, require much the 
same air supply as for theaters, if the 
ventilation is arranged in the same way 
as is usual for the latter class of build- 
ings. 

All lecture rooms with low ceihngs, 
where the exhalations from the body are 
more mingled with the air about the in- 
mates than is the case in theaters with 
good upward ventilation, require a larger 
allowance. For thoroughly satisfactory 
results, the full air supply required by 
the standard taken will be necessary. If 
exclusive lighting is not practiced, there 
should be a liberal allowance for the use 
of the gas-burn erp, according to the fig- 
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ures already given. Mr. Briggs, in his 
paper on " Halls of Audience," takes a 
position on the verge of robbing the ven- 
tilation to propitiate the pocket. He 
writes — **Dr. Beid's value of 10 cubic 
feet per minute is all that should be used 
in planning for halls not occupied over 
two or three hours at a time. All that 
can be judiciously urged for ventilation 
in view of the cost of fuel." He states 
further to the effect that this is the mini- 
mum allowance, and that the apparatus 
should be designed so that during warm 
weather the supply can be increased to 
20 cubic feet per minute. '^ An amount 
which, with open doors and windows, if 
ventilating currents are well distributed 
among the audience, will be ample for 
the comfort of a crowd in hot weather." 
These are the views of a practical and 
experienced engineer, and as such are of 
value, but nevertheless the testimony of 
others, and the results obtained with de- 
signs in operation, lead to the belief that 
they go too far in compromising the ven- 
tilation. 
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It is certain that, in the case of small 
and crowded lecture rooms, 600 cubic 
feet per hour per individual will not pre- 
vent impurity of the air. 

Court-rooms, legislative halls, and aU 
that class of rooms that are liable to 
continued occupation for many hours by 
a crowded congregation, require an am- 
ple supply of air. Nothing less than the 
full amount corresponding to the stand- 
ar3 of purity selected should satisfy the 
designer. Dr. Eeid, in his writings on 
the ventilation of the Houses of Parlia- 
ment, shows the importance of keeping 
the brains of the law makers clear and 
active, and if that is necessary in Eng- 
land, it is quite as much so for our own. 
State and National Legislators, and for 
the typical American jury. Gen. Morin, 
who bases his figures on a theoretical 
supply of 1,800 cubic feet per person per 
hour, irrespective of conditions, and then 
modifies this amount for different cases, 
requires for " lecture rooms and halls for 
brief receptions" 1,100 cubic feet, and 
" for assembly rooms and halls for long 
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receptions," 2,100 cubic feet per hour, a 
difference of nearly 100 per cent, in fa- 
vor of the latter. In public buildingp, 
like court-houses. State capitols, etc., 
there is no excuse for not supplying, a 
generous air allowance. The money 
question should not prevent the best ven- 
tilation. 

The opinions of engineers as to the 
air supply for schools are various — from 
those who would limit small childreu to 
200 cubic feet per hour, or even less, to 
those that approve of supplying to them 
the same amount as for adults in crowd- 
ed rooms long occupied. It is hardly 
necessary to allude to the importance of 
well ventilating schools. The miserable 
condition of many of our schoolrooms in 
this respect may have no small effect 
upon the health of a generation, upon 
which, in fifteen or twenty years,. the 
prosperity of the country will depend. 

From considerations already alluded to, 
it seems unadvisable to reduce the supply 
because of the youth of the children. Of 
course, in the case of schoolrooms that 
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are to have few scholars in proportLon 
to their size, a small air allowanoe may be 
admissible, but this is more because of 
Datural Yentilation taJdng place than from 
the age of the inmates. Nearly all 
schoolrooms will be crowded at times, 
and that for hours together, and for 
them the fall air allowance should be 
made. For those rooms that are occu- 
pjed only an hour at a time, and at the 
end of the session are completely flushed 
by fresh air by opening the windows, it 
is allowable, perhaps, to make some re- 
daction in air supply, because of the 
space acting as a reservoir. But this 
latitude should not be imposed upon. A 
well-filled room with low ceiling will 
soon become close unless ventilated. If 
the air allowance is too much reduced, 
the room will become close and unhealthy 
before the close of the hour. If the air 
is to be maintained rigidly up to a stand- 
ard of purity, little, if any, reduction of 
supply can be made for well -filled rooms? 
although they are flushed every hour. 
A few years ago a commission was ap- 
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pointed to examine the public schools of 
the District of Columbia, and in their re- 
ports, dated March 15, 1882, appear the 
following specifications : 

" In each class room not less than 15 
square feet of floor shall be allotted to 
each pupil. In each class-room the win- 
dow space should be not less than one- 
fourth of the floor space, and the dis- 
tance of the desk most remote from the 
window should not be more than one and 
a-half times the height of the top of the 
window from the floor. The height of 
the class-room should never exceed 14 
feet. The provisions for ventilation 
should be such as to provide for each 
person in a class-room not less than 30 
cubic feet of fresh air per minute, which 
amount must be introduced and thor- 
oughly distributed without creating un- 
pleasant draughts, or causing any two 
parts of the room to diflfer in tempera- 
ture more than 2° F., or the maximum 
temperature to exceed 70° F." 

The Ust of buildings of various kinds 
for which ventilation is necessary is by 
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no means exhausted, but the above are 
the chief among what may be termed 
public buildings. Hotels, office build- 
ings, banks:, prisons, etc., all offer condi- 
tions that must be considered, according 
to the same principles as the foregoing 
examples. 

There are a great variety of buildings 
devoted to special trades and . manufac- 
tures, for which special allowances must 
be made. The impurities, both mechani- 
cal and chemical, given off in various 
processes of manufacture, should, if pos- 
sible, be immediately carried away at 
their source ; but this cannot always be 
done, and then a large supply of fresh 
air is required to sufficiently dilute 
them and keep the air of the room in a 
healthy condition for the workmen. The 
accurate estimate of the supply needed 
in such cases is a very difficult, if not 
impossible problem. It is almost entire- 
ly a matter of experience and judgment, 
although it must be admitted that the 
amount of available experience in the 
subject is very small. The amount of air 
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supply may be based upon the number of 
people present, and an extra allowance 
made per person over what would be re- 
quired if they were the only sources of 
vitiation, this extra amount to be deter- 
mined by experience ; or, an extra allow- 
ance may be made in bulk for all the spe- 
cial sources of impurity independent of 
the number of workmen present. An il- 
lustration of the former method is given 
in the design for the ventilation of the 
laboratories of the Massachusetts Insti- 
tute of Technology, described in the 
"Sanitary Engineer," of October 30, 
1884: 

"For recitation rooms and lecture 
rooms 1,500 cubic feet per hour are al- 
lowed to each occupant. For physical 
laboratories, where the gaseous products 
of bunsen flames and electric batteries 
are likely to act as vitiating agents, 2,000 
cubic feet per hour are allowed. For 
chemical laboratories, which are sup- 
posed to be supplied with effective 
hoods for the collection and removal 
of offensive or dangerous gases and 
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fumes, and also under which any 
work evolving a considerable quantity 
of gas is supposed to be done, 3,000 
cubic feet ; and for the organic chemical 
laboratory, 4,500 cubic feet are allowed 
to each occupant per hour. To other 
rooms of the chemical floor, as the li- 
brary, balance room and volumetric room, 
2,000 cubic feet was apportioned to the 
individual, because of the proximity of 
chemical laboratories, and the desirability 
of being able to produce within them an 
excess of pressure, causing outward air 
movement.'' 

With regard to the supply of 1,500 cu- 
bic feet in lecture rooms, it may be well 
to quote further — 

" Good ventilation based on so low an 
estimate as 1,500 cubic feet per occu- 
pant would not be possible in most cH- 
mates, and in the comparatively dry cli- 
mate of New England that allowance 
makes the most efficient and economical 
use of the supply a necessity.'* 

The reason for the distinction made 
between moist and dry cHmates, is that 
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the impurities would not be so disagree- 
able, because less noticeable, in the latter, 
although with a given air supply they 
would exist the same in both cases. It 
seems a little unfortunate to make this 
distinction, when the avowed purpose of 
ventilation is not merely to obtain what 
is agreeable, but to go a step beyond, 
and attain to what is an absolutely 
healthy supply. If this is done there 
can hardly be any practical distinction 
for moist and dry climates. But the 
opinion is evident in the quotation, that 
a supply of 1,500 cubic feet per hour for 
each person is little enough for the lec- 
ture rooms of a college. 

There is a class of buildings that has 
not yet been alluded to, and these may 
best be described as private buildings. 
Dwelling-houses are seldom mentioned 
in discussions of the air allowance for 
buildings, probably for the reason that a 
systematic ^.ir allowance is seldom, if 
ever, made for them. Nor is one always 
needed. This statement can be main- 
tained on strictly scientific grounds, even 
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in the face of the fact that ventilation or 
change of air is always necessary where 
human beings are present. The preced- 
ing analysis of the conditions influenc- 
ing the j^mounts required in ventilation 
places us in a position to do so. 

In addition to the all-important item — 
expense — natural ventilation and cubic 
space allowance both have a very great 
influence upon the ventilation of dwell- 
ings ; so great, as in many cases to make 
systematic ventilation practically unnec- 
essary. In many cases, but decidedly 
not in all. Dwellings differ largely in 
their requirements for ventilation, and 
judgment should be exercised in deciding 
when a thorough ventilating design is 
necessary, and when a reasonably healthy 
atmosphere can be maintained without 
it, or with only a few simple devices for 
the circulation of air. The lines on 
which such a judgment is based appear 
to be about as follows : 

If there is any building for which re- 
gard must be had to the expense of ven- 
tilation, it is the dwelling. Public build- 
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ings are usually constructed by govern- 
ments, corporations, or wealthy individ- 
uals, and the expense of a thorough sys- 
tem of ventilation is very small in com- 
parison to the cost of the building, and, 
considering the importance of the mat- 
ter, should be cheerfully met. Not so 
with the usual private house. It is built 
for the man who is toiling over a city 
desk, or with his hands, day after day to 
provide food for his family, and from 
the first foundation stone, to the setting 
of the chimney cap, the cost is never lost 
sight of. For such buildings, the ex- 
pense of ventilation must be brought 
down to the lowest practicable limit, or 
it will be entirely debarred. For pri- 
vate dwellings, in particular, elaborate 
schemes of ventilation <are a failure, be- 
cause too costly. Happily it is possible 
to obtain a fair amount of ventilation in 
many cases with very little outlay, either 
in first cost or in running expenses. 

The usual home is large in proportion 
to the number of people it covers. Un- 
like the theatre or the concert hall, where 
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the audience is closely packed, the sleep- 
ing room has rarely more than two in it, 
and even the family sitting-room in mod- 
em times does not generally contain 
over five or six persons. The proportion 
of cubic space in private rooms is usual- 
ly quite generous to each person, and al- 
though any amount of cubic space does 
not in itself take the place of ventilation, 
yet this gives a better opportunity for 
natural ventilation to change the air than 
if the people were closely crowded. Nat- 
ural ventilation is, as a rule, far more 
active in houses than in public buildings, 
and it may even become an efficient 
means of ventilation in some cases. The 
wall and window surface per individual 
is large in private rooms, and the natu- 
ral ventilation is consequently greater. 

Houses are generally constructed more 
Hghtly than larger buildings, and, es- 
pecially with frame buildings, there is 
every opportunity for very active natural 
ventilation. I have sat in country rooms 
with the outside temperature well down 
toward zero and seen the carpet rise and 



142 



fall with each wintry gust, as it forced 
its way under the floor. Such a house 
must surely be well ventilated, at least 
while the wind blows. It is, perhaps, 
one redeeming feature of what are ex- 
pressively termed *' skin '' builders, that 
the houses they construct give every 
chance for natural ventilation. Specula- 
tion brown-stone fronts, put up a row at 
a time, are very expensive to warm, for 
this reason, but they are sometimes bet- 
ter ventilated than the more carefully- 
constructed building beside them, that 
the retired merchant has taken pride in 
erecting. 

Natural ventilation, then, can be largely 
calculated upon to change the air in pri- 
vate houses, and, while it cannot be 
claimed to be always sufficient, yet there 
are many cases where more is hardly re- 
quired. During the summer the windows 
are open most of the time. During the 
winter, the furnace, if properly designed 
and set, will supply sufficient fresh air 
for the inmates, not to speak of the circu- 
lation that is constantly going on through 
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cracks and ill-fitting windows. Open 
fires, if used in addition to the furnace 
— would that they were more so — quite 
efficiently ventilate the rooms they are 
in. 

Where close stoves are used, little can 
be claimed for them as ventilating agents, 
and it is undeniable that, even in country 
houses, rooms are sometimes met with 
that are as close as the stoves them- 
selves. 

More often, however, the natural circu- 
lation keeps the air in a tolerable condi- 
tion, and a few simple devices will much 
improve the ventilation of stove-heated 
rooms. At all events, a systematic sup- 
ply and removal of air, involving contin- 
ual expense, is out of the question in the 
great majority of dwellings, so long as 
experience shows that they are habitable 
without it. Resource must be had to 
simple and cheap means of aiding the 
natural ventilation in its good offices. 

The opportunity is tempting, here, of 
digressing into a discussion of the ways 
in which a fair ventilation can be cheaply 
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obtained in houses by the use of the ap- 
pliances for warming, and also of the 
various means of warming houses, but 
the aim of this paper is not to describe 
how to ventilate, but how much to venti- 
late. In this direction enough has been 
said to substantiate the statement, that, 
for the ordinary private house, a system- 
atic air allowance per individual is almost 
an absurdity, and that for many of them 
a thorough systematic plan of ventilation 
is unnecessary, even were it not debarred 
by reason of the expense inseparable from 
it. 

The only dwellings for which such a 
plan of ventilation is not out of the ques- 
tion are those inhabited by the wealthier 
classes. Houses for which a large sum 
has been paid at the start, and whose 
yearly expenses are so considerable a to 
make the cost of running the ventilation 
merely an item in the total amount. 

Steam heating, by indirect radiation, is 
becoming quite common in this class of 
buildings, and the very fact of properly 
warming by this method involves the 
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flow of large volumes of air into the 
rooms. The same condition should ac- 
company the use of furnaces, and would, 
if they were made warm-air furnaces in- 
stead of hot-air furnaces, as they are only 
too justly named. 

By the use of outlet flues, properly 
heated, the air is forced out of the rooms, 
and excellent ventilation obtained. Ven- 
tilation can be maintained when it is too 
cold to have open windows, and yet too 
warm for using the heating apparatus, by 
heating the aspimting shaft or flues. 
But, even for these houses, it is easily 
seen that a systematic air allowance of so 
many cubic feet per hour for each in- 
dividual is hardly necessary. For rooms 
to be occupied by dinner parties, or 
crowded during social gatherings, such 
calculations are advisable ; not so for the 
ordinary household rooms. The fact is, 
that, as warming apparatus is now set up, 
the amount of air entering these rooms 
depends not on the number of people 
using them, but on the number of square 
feet of radiating surface that experience 
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shows is necessary to warm them, and the 
amount of air that will flow over this. 
With the exception of the special rooms 
mentioned, this will practically give all 
the ventilation needed, at least during 
cold weather. For warmer weather, some 
way of exhausting the air must be pro- 
vided. 

Of course, where gas is used for ilhi- 
mination, some means of specially venti- 
lating it should be used, or else rooms 
not supplied with systematic ventilation 
will become unhealthy during the evening. 
There are inexpensive ways of ventilating 
gas lights that should not be omitted in 
modem houses. But even if this is not 
done, and the absence of gas-light venti- 
lation makes systematic ventilation more 
necessary, the point is that it is for a 
special source of vitiation, entirely in- 
dependent of the number of inmates of 
the room. 

The endeavor has been in the preced- 
ing remarks concerning the ventilation of 
dwelling-houses, to maintain the position 
taken at first, that, having full regard 
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for the hygienic condition of our homes, 
admitting that human beings require a 
certain amount of fresh air every hour, 
yet a systematic air allowance based on 
the number of people present is not the 
necessary or the best way of treating the 
subject for houses, as it is for most pub- 
lic buildings. Booms for entertainments, 
which are at times decidedly public 
rather than private in their use, are ex- 
cepted. 

This may not be admitted by all, and 
yet the amount of air supply, even in cases 
where a systematic ventilation is planned 
for houses, is and will be decided by cer- 
tain practical considerations, that will 
give just as efficient ventilation as if 
something like the following course had 
been pursued : 

That room will hold three or four peo- 
ple, and must have so many cubic feet of 
air per minute. This bedroom will ac- 
commodate two, and must have so much. 
Only the cook stays in the kitchen, we 
will give it half as much as the bedroom. 
Nobody lives in the hallway, so there can 
be no ueed of ventilating it at all, 

JAN 2 6 1916 
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Illustrated with five lithographic views and twelve plates of 
plans. 4to, cloth 6 00 

KING (W. H.) Lessons and Practical Notes on Steam, the 
Steam-Engine, Propellers, etc., etc , for young Marine En- 
gineers, Students, and otners. Revised by Cnief-Engineer 
T. W. King, U. S. Na\'y. Nineteenth edition, enlarged, 
ovo, cloth 2 00 

KIRKWOOD (JAS. P.) Report on the Filtration of River 
Waters for the supply of Cities, as practised in Europe, 
made to the Board of Water Commissioners of the City of 
St. Louis. Illustrated by 30 double-plate engravings. 410, 
cloth zs CO 

LARRABEE (C. S.) Cipher and Secret Letter and Telegra- 
phic Code, with Hogg's Improvements. The most perfect 
secret code ever invented or discovered. Impossible to read 
without the key. i8mo, cloth x 00 

LOCK (C. G.), WIGNER (G. W.), and HARLAND (R. H.) 
Sugar Growing and Refining. Treatise on the Culture of 
Sugar- Yielding Plants, and the Manufacture and Refining of 
Cane, Beet, and other sugars. 8vo, cloth, illustrated la 00 
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LOCKWOOD (THOS. D.) Electricity. Magnetism, and Elec- 
tro-Telegraphy. A Practical Guide for Students, Operators, 
and Inspectors. 8vo, cloth $3 so 

LORING (A. E.) A Hand-Book on the Electro-Magnetic Tele- 
graph. Paper boards 50 

Cloth 75 

Morocco ICO 

MacCORD (Prof. C. W ) A Practical Treatise on the Slide- 
Valve by Eccentrics, examining by methods the action of 
the Eccentric upon the Slide-Valve, and explaining the prac- 
tical processes of laying out the movements, adapting the 
valve for its various duties in the steam-engine. Second edi- 
tion Illustrated. 4to, cloth 250 

McCULI.OCH (Prof. R S.) Elementary Treatise on the Me- 
chanical Theory of Heat, and its application to Air and 
Steam Engines. 8vo, cloth 3 50 

MERRILL (Col. WM. E , U. S. A.) Iron Truss Bridges for 
Railroads. The method of calculating strains in l^usses, 
with a careful comparison of the most prominent Trusses, in 
reference to economy in combination, etc., etc. Illustrated. 
4to, cloth 500 

MICHAELIS (Capt. O. E., U. S. A.) The Le Boulenge 
Chronograph, with three lithograph folding plates of illus- 
trations. 4to, cloth 300 

MICHIE (Prof. P. S.) Elements ot Wave Motion relating to 
Sound and Light. Text-Book forthe U.S. Military Acade- 
my. 8vo, clotn» illustrated 500 

MINIFIE(WM.) Mechanical Drawing. A Text-Book of Geo- 
metrical Drawing for the use of Mechanics and Schools, in 
which the Definitions and Rules of Geometry are familiarly 
explained ; the Practical Problems are arranged, from the 
most simple to the more complex, and in their description 
technicalities are avoided as much as possible. With illus- 
trations for Drawing Plans, Sections, and Elevations of 
Railways and Machinery: an Introduction to Isometrical 
Drawing, and an Essay on Linear Perspective and Shadows. 
Illustrated with over 200 diagrams engraved on steel. Ninth 
edition. With an Appendix on the Theory and Application 

of Colors. 8vo, cloth 4 00 

" It is the best work on Drawing that we have ever seen, and is 
especially a text-book of Geometrical Drawing for the use of Me- 
chanics and Schools. No young Mechanic, such as a Machinist, 
Engineer, Cabinet-maker. Millwright, or Carpenter, should be with- 
out It.**— Scientific American. 

- ' Geometrical Drawing. Abridged from the octavo edi- 
tion, for the use of schools. Illustrated with forty-eight 
steel plates. Fifth edition. lamo, cloth a 00 
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MODERN METEOROLOGY. A Series of Six Lectures, de- 
livered under the auspices of the Meteorological Society 
inz878. Illustrated. i2mo,cIoth $i $<> 

MORRIS (E.) Easy Rules for the Measurement of Earth- 
works, by Means of the Prismoidal Formula. 78 illustra- 
tions. 8vo,cloth I 50 

MOTT (H. A., Jr.) A Practical Treatise on Chemistry (Quali- 
tative and Quantitative Anal]|rsis)| Stoichiometry, Blow-pipe 
Analysis, Mineralogy^ Assaying. Pharmaceutical Prepara- 
tions, Human Secretions, Speanc Gravities. Weights and 
Measures, etc., etc., etc. New edition, 1883. 650 pages. 
,8vo, cloth 400 

N AQUET (A.) Legal Chemistry. A Guideto the Detection of 
Poisons, Falsification of Writings, Adulteration of Alimen- 
tary and Pharmaceutical Substances, Analysis of Ashes, 




ed, with additions, including a list of books and Memoirs on 
Toxicology, etc., from the French. By J. P. Battershall, 
Ph.D., Dnth a pretace by C. F. Chandler, Ph.D., M.D., 
LL.D. xamo, cloth 200 

NOBLE (W.H.) Useful Tables. Pocket form, cloth 50 

NUGENT (E.) Treatise on Optics : or, Light and Sieht. theo* 
retically and practically treated, with the application to 
Fine Art and Industrial Pursuits. With X03 illustrations. 
i2mo, cloth X ^ 

PEIRCE (B.) System of Analytic Mechanics. 4to, cloth xo 00 

PLANE .w'ABLE (THE). Its Uses in Topoeraphical Surveys 
faig. From the Papers of the U. S. Coast Survey. lUustrat* 

to, Cvc, cloth 3 00 

"This work gives a description of the Plane Table employed at 
the U. S. Coast Survey office, and the manner of using it.'*^ 

PLATTNER. Manual of Qualitative and Quantitative An* 
alysis with the Blow-Pipe. From the last German edition, 
revised and enlaiged. By Prof. Th. Richter, of the Royal 
Saxon Mining Academy. Translated by Prof H. B. Corn- 
wall, assisted oy John H . Caswell . Illustrated with 87 wood- 
cuts and one lithographic plate. Fourth edition, revised, 
S6opages. 8vo,cloth 500 

PLYMPTON (Prof GEO. W.) The Blow-Pipe. A Guide to its 
use in the Determination of Salts and Minerals. Compiled 
from various sources. lamo, cloth i 50 

.III I The Aneroid Barometer: Its Constructioa and Use. 

Compiled from several sources. z6mo, boards, illustrated, 50 
Morocco X 00 



10 



D. VAN NOSTRAND S PUBLICATIONS. 



PLYMPTON rProf. GEO. W.) The Star-Finder, or Plani- 
sphere, with Movable Horizon Printed in colors on fine 
card-board, and in accordance with Proctor's Star Atlas. . .$i oo 

POCKET LOGARITHMS, to Four Places of Decimals, includ- 
ing Logarithms of Numbers, and Logarithmic Sines and 
Tangents to Single Minutes. To which is added a Table of 
Natural Sines, Tangents, and Cu-Tangents. x6mo, boards, 50 
Morocco 100 

POOK (S. M.) Method of Compariiig the Lines and Draught- 
ing Vessels propelled by Sail or Steam. Includmg a chap- 
ter on Laying-on on the Mould-Loft Floor, x vol. Bvo, with 
illustrations, cloth 5 00 

POPE (F. L.) Modem Practice of the Electric Telegraph. A 
Hand-Book for Electricians and Operators. Eleventh edi« 
tion, revised and enlarged, and fully illustrated. 8vo, cloth. 2 00 

PRESCOTT (Prof. A. B J Outlines of Proximate Organic An- 
alysis, for the Identification, Separation, and Quantitative 
Determination of the more commonly occurring Organic 
Compounds. i2mo, cloth i 75 

• Chemical Examination of Alcoholic Liquors. A Manual 
of the Constituents of the Distilled Spirits and Fermented 
Liquors of Commerce, and their Qualitative and Quantita- 
tive Determinations. X2mo, cloth x 50 

— ^ First Book in Qualitative Chemistry. Second edition, 
lamo, cloth x jo 

PYNCHON (Prof. T. R.) Introduction to Chemical Phvsics, 
designed lor the use of Academies, Colleges, and High- 
Schools. Illustrated with numerous engravings, and con- 
taining copious experiments with directions for preparing 
them. New edition, revised and enlarged, and illustrated 
by 269 illustrations on wood. Crown 8vo, doth 3 00 

RAMMELSBERG (C. F.) Guide to a Course of Quantitative 
Chemical Analysis, especially of Minerals and Furnace Pro- 
ducts. Illustrated by Examples. Translated by J. Towler, 
M.D. 8vo, cloth a 35 

RANDALL (P. M.) Quartz Operator's Hand-Book. New edi- 
tion, revised and enlaiged, fully illustrated. X2mo, cloth. . . 2 00 

RANKINE (W. J. M.) Applied Mechanics, comprising Prin- 
ciples of Statics, Cinematics, and Dynamics, and Theory 
ot Structures, Mechanism, and Machines. Crown 8v(^ 
cloth. Tenth edition. London ....5 00 

■ A Manual of the Steam-Engine and other Prime Movers, 
with numerous tables and illustrations. Crown 8vo, cloth. 
Tenth edition. London, 1883 5 00 

■ A Selection from the Miscellaneous Scientific Papers of, 
with Memoir by P. G. Tait, and edited by W. J. Millar, C.E. 
8vo, cloth. London, 1880. xo 00 
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RANKINE (W. J. M.) A Manual of Machinery and Mill-woric 
Fourth edition. Crown 8vo. London, 1881 $5 00 

— — Civil Enffineering;, comprising Engineering Surveys, 
Earthwork, Foundations, Masonry, Carpentry, Metal- 
works, Roads, Railways, Canals, Rivers, Water-works, 
Hai^rs, etc., with numerous tables and illustrations. 
Fourteenth edition, revised by E. F. Bamber, C.E. 8vo. 
London, 1883 6 50 

■ Useful Rules and Tables for Architects, Builders, Car- 
penters, Coachbuilders, Engineers, Founders, Mechan- 
ics, Shipbuilders, Surveyors, Typefounders, Wheelwrights, 
etc. Sixth edition. Crown 8vo, cloth. London, 1883 4 00 

and BAMBER (E. F.) A Mechanical Text-Book ; or, 

Introduction to the Study of Mechanics and Engineering. 
8vo,cloth. London, 1875 3 So 

RICE {Prof. T. M.) and JOHNSON (IVof. W. W.) On a New 
Method of Obtaining the Differentials of Functions, with 
especial reference to the Newtonian Conception of Rates or 
Velocities. i2mo, paper 50 

ROGERS (Prof. H. D.) The Geology of Pennsylvania. A Gov- 
ernment Survey, with a General view of the Geology of the 
United States, Essays on the Coal Formation and its Fos- 
sils, and a description of the Coal Fields of North America 
and Great Britain. Illustrated with Plates and Engravings 
in the text. 3 vols. 4to, cloth, with Portfolio of Maps 30 00 

ROEBLINGJ. A.) Long and Short Span Railway Bridges. 
Illustrated with laree copperplate engravings of plans and 
views. Imperial fouo, cloth 25 00 

ROSE (JjOSHUA, M.E.) The Pattern-Maker's Assistant, em- 
bracing Lathe Work, Branch Work, Core Work,Sweep Work, 
and Practical Gear Constructions, the Preparation and Use 
of Tools, together with a large collection of useful and val- 
uable Tables. Third edition. Illustrated with 250 engrav- 
ings. 8vo, cloth 2 50 

SABINE (ROBERT). History and Progress of the Electric Tel- 
egraph, with descriptions of some 01 the apparatus. Second 
edition, with additions, i2mo, cloth i as 

SAELTZER (ALEX ) Treatise on Acoustics in connection with 

Ventilation i2mo, cloth z 00 

SCHUMANN (F ) A Manual of Heating and Ventilation in 
its Practical Application for the use of Engineers and Archi- 
tects, embracing a series of Tables and Formulae for dimen- 
sions of heating, flow and return pipes for steam and hot- 
water boilers, flues, etc., etc. i2mo. Illustrated. Full 
roan i 50 

Formulas and Tables for Architects and Engineers in 

calculating the strains and capacity of structures in Iron 
and Wood, ismo, morocco, tucks .^250 
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